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PREFACE. 


As  the  boundaries  of  Science  extend,  the  Discoveries  and 
Curiosities  it  develops  extend  also ;  and  as  these  boundaries 
bave  of  late  years  been  extended  in  every  direction,  it  is 
become  impossible  for  the  great  body  of  mankind,  or  indeed 
for  any  one  who  does  not  professionally  surrender  the  whole 
of  bis  life  to  literary  pursuits,  to  follow  up  and  store  in  his 

memory  the  multiplied  facts  or  discoveries  of  an  amusing, 
interesting^  or  extraordinary  nature,  which  have  hence  been 
laid  open,  and  are  daily  growing  before  us. 

-A  correct  and  comprehensive  Repository,  therefore,  of 
whatever  is  chiefly  valuable,  and  has  chiefly  a  claim  upon 
the    public  attention,  of  whatever  is  intrinsically  curious, 
wonderful,  or  in  anj'  other  way  impressive,  derived  from  the 
vast  theatres  of  Nature  and  Art,  as  they  are  at  present 
unfolded  to  us ;  if  selected  with  a  judicious  and  discriminating 
hand,  from  the  immense  mass  of  matter  ut  this  moment 
before  the  worlds  in  the  various  physical  and  ]  hi). -^  'phical 
Transactions,    Journals,    and    Aiemoirs,     the   Ep^^e/.cideSj 
^manitateiy  and  Miscellanea  Curiosa,  of  our  own  mi    other 
countries,  cannot  fail  of  becoming  an  object  of  public-  utten* 
tion  and  patronage;   as    pcculiariy   adnptr^d    to    the   public 
want,  and  as  combining  a  rich  variety  of  cic&^ant  amusement, 
with  the  most  valuable  specimens  of  scicntihc  pursuit. 

With  this  feeling  the  Proprittors  of  the  present  work 
commenced  it  nearly  two  years  ago,  and  fully  oflered  their 
views  upon  the  subject,  in  a  brief  Prospectus  accompanying 
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the  Fi  rst  Part.  And  now,  that  the  work  is  completed,  they  can 
conscientionsly  appeal  lo  the  public  a^  large,  whether  they 
have  not  in  every  respect  fulfilled  the  pr«.tnise  then  made,  and 
produced  a  ^i  iscellany  at  once  elegant  e^v!  systemauc,  scien- 
tific and  enteriaiaing  ;  replete  vviih  cear.y  the  whole  wealth 
of  Nature  and  Abt,  and  therefore  fullv  eatiiiei  to  be  de- 
nominated  their  eeneriil  Museum  or  Galleey.  Thev  trust, 
that  they  may  equally  point  to  the  termination,  aud  to  the 
opening  of  the  presci^t  work,  in  proof  that  its  direct  scope  is 
to  furnish  a  Literary  Conservatory  of  Rare,  Curious,  and 
Interesting  Productions,  derived  from  all  quarters,  and  from 
all  ages  of  the  world  ;  from  every  branch  of  science  so  far  as 
it  can  be  rendered  popular,  and  from  every  department  of 
research  and  discovery ;  from  the  most  approved  works  of 
Travels  and  Antiquities;  of  Topography  and  general  Geo- 
graphy; of  Fossils  and  Mineralogy  ;of  Natural  History  and 
Phvsiolo£:v  :  of  Chemistry  and  Mechanics. 

Tne  sanction  of  mankind,  indeed,  has  already  been  given 
to  a  variety  of  valuable  productions  formed  upon  a  basis 
somewhat  similar ;  several  of  which,  however,  have  been  so 
long  composed,  as  to  become  equally  antiquated  and  errone- 
ous in  the  progressive  path  of  Science  ;  while  others,  defici- 
ent in  knowledge  or  judgment,  have  been  too  generall}' 
drawn,  with  little  or  no  discrimination,  from  wonders  a'ld 
curiosities  that  have  never  existed,  and  exhibit  rather  a 
world  of  fiction  than  of  fact ;  or  have  lost  all  claim  to  autho- 
rity, from  a  vain  adoption  of  the  editor's  langu.ige  and  opi- 
nions instead  of  the  language  and  opinions  of  the  established 
sources,  from  which  he  should  have  quoted. 

Next,  therefore,  to  the  extensive  research  which  the  pre- 
sent volumes  will  be  found  to  offer;  a  research  far  exceeding 
what  has  ever  been  attempted  before ;  and  the  systematic,  yet 
easy  and  fiimiUar  method  in  which  they  are  arranged  ;  it  is  their 


6nt  and  peculiar  claim,  that  tliey  may  be  depended  upoD  as 
primaiy  aathoritiet ;  every  section,  as  far  as  it  bas  been  pos- 
sible, being  directly  copied,  in  order  to  avoid  eDdaageriog 
the  accuracy  or  integrity  ofaaapproverl  writer,  from  his  best 
prioted  edition,  with^jut  Iniermediaie  transcription  or  oiuti- 
lation  of  arty  kind.  For  ihe  sake  however  of  connexion  and 
condeiisarioii,  ii  has  occaiionaUy  been  found  necessary  for 
tbe  Editor,  as  he  lias  proceetled,  to  fiil  up  various  chapters 
with  ob>ervalions  of  his  o  .i!, — observations  whicb  it  is 
bopcd  will  in  many  in.-'innct-  be  fuutid  among  the  most 
vafnablc  parts  of  the  uork  ;  bat  such  sections  or  passages 
have  been  carefully  distinguished  from  tbe  rest ;  nor  have 
the  words  of  the  original  authurs  been  ever  deviaird  from, 
excepting  ta  a  few  occasions,  where  brevity,  a  style  peculiarly 
uncouth,  or  sonic  other  necessity,  has  rendered  ao  alteration 
nceessar}',  of  which  sullicient  notice  is  given  to  the  reader  at 
tlte  time. 

It  may  be  permitted  to  the  Proprietors  to  observe,  that 
the  extent  to  which  this  jiian  has  been  carried,  has  led  them 
intoaacxpence  and  personal  labour,  fur  beyond  what  they  had 
any  idea  of;  but  they  have  readily  and  cheerfully  persevered,  as 
well  out  of  defej-ente  to  ihejudgment  andzeolof  theeulight- 
coed  Editor,  whose  recommendations  tliey  have  in  every  in- 
stance approved  and  adopted,  as  from  a  full  )>crsuasi«in  of 
mi  ample  revard  iu'thc  approbation  and  patronage  of  their 
countrymen. 

Tlie  next  prominent  feature  in  the  prereut  work,  to 
wliicb  they  are  deairous  of  calling  the  attention  of  the  Public, 
iii  tbe  number  and  intrinsic  excellence  of  ihe  Plates,  niih 
which  it  is  so  richly  adorned ;  and  which,  they  trust,  will  be 
found  to  exalt  the  Gallery  op  Naturf.  and  Art  above 
erery  prior  or  similar  attempt,  iu  no  less  a  degree  than  the 
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extent,  variety,  sound  judgment,  and  authority  of  its  matter. 
With  a  few  exceptions,  for  in  several  instances  it  has  been 
absolutely  necessary  to  give  strict  copies,  thePiates  now  offered 
are  from  original  drawings,  expressly  designed,  and  of  course 
expressly  engraved  for  the  present  work :  and  it  is  perhaps 
only  necessary  for  the  reader  to  examine  inlrinsically  and 
attentively  this  highly  ornamental  and  beautiful  part  of  the 
volumes,  to  see  at  once,  that  the  general  execution  as  well  in 
designing  as  in  engraving,  is  from  the  hands  of  some  of  the 
most  approved  Artists  of  the  present  day,  to  whom  no  less 
than  to  the  Editor,  the  Proprietors  feel  bound  in  justice  to 
acknowledge  their  sincere  obligations. 

It  might  possibly  have  added  somewhat  to  the  perfection 

of  the  present  work,  to  have  subjoined  a  brief  sketch  of  the 
more  interesting  and  curious  particulars  in  human  Physiology 
and  Chorography ;  embracing  the  singularities  that  are  occa- 
sionally found,  and  strike  us  with  astonishment,  in  the  general 
face  of  particular  countries,  in  the  customs  and  manners  of 
particular  tribes,  or  the  extraordinary  make  or  powers  of 
particular  individuals  :  and,  in  truth,  this  was  originally  in-^ 
tended  :  but  it  was  soon  found,  that  to  enter  upon  such  a 
subject  would  be  to  protract  the  work  to  an  extent  of  doubt- 
ful approbation  and  expence.  It  does  not  form  a  necessary 
part  of  the  undertaking,  though  it  might  be  a  useful  accomr 
paniment :  and,  as  such,  it  may  yet,  perhaps,  be  attempted 
in  some  future  period,  in  two  additional  volumes,  if  the  san- 
guine expectations  of  the  Proprietors  should  be  realized,  and 
they  should  meet  with  sufficient  success  in  the  work  as  it  i$ 
now  offered  to  the  public. 

Kov.  1814. 
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ASTRONOMY    OF    THR    ANCIENTS    BEFORE    THE     FOUN- 
DATION  OF  TUE  ALEXANDRIAN  SCHOOL. 

A.  cOirrBMPLATiON  *  of  the  Heavens  must  at  all  times  have 
fi<ed  tbe  attentioa  of  niaokind;  and  especially  in  those  happy 
cUmates  where  the  serenity  of  the  atmosphere  invited  them  to  ob- 
serve the  Stars.  Agriculture  required  that  the  seasons  should  be 
dntioguished  and  their  returns  known.  It  could  not  be  long  before 
it  was  discovered  that  the  rising  and  setting  of  the  stars,  when  they 
plunge  themselves  in  the  Sim*s  rays,  or  when  they  again  disengage 
themselves  from  his  light,  might  answer  this  purpose.  Hence  we 
find,  that  among  most  nations  this  species  of  observations  may  be 

*  This  chapter,  extracted  from  La  Place,  is  given  as  nearly  as  may  be  from 
the  translation  of  oar  own  Astronomer  Royal ;  but  the  numerous  and  unac« 
countable  errors  of  this  translation  have  compelled  us  to  a  per|>etaal  collation 
with  tbe  original,  and  to  alteratioiu  in  every  page.— Editor. 
VOL.  I.  B 


Oal.^'Nat.^Art. /oil.  1,1813. 


2  ASTRONOMY  OF  THE  ANTIENTtf. 

traced  back  to  sucb  early  times^  till  their  origin  is  lost.  But  some 
rude  remarks  on  the  rising  and  setting  of  the  stars  could  not  con- 
stitute a  science.  Astronomy  did  not  commence  till  observations 
being  regbtered  and  compared,  and  the  celestial  motions  examined 
with  greater  care»  some  attempt  was  made  to  explain  their  motions 
and  their  laws. 

The  motion  of  the  sun  in  an  orbit  inclined  to  the  equator;  the 
motion  of  the  moon,  its  phases  and  eclipses ;  a  knowledge  of  the 
planets  and  their  revolutions,  and  of  the  sphericity  of  the  earth, 
were  probably  the  objects  of  this  ancient  astronomy,  but  the  few 
monuments  of  it  that  remain  are  insufficient  to  ascertain  either  its 
epoch  or  its  extent.  We  can  only  judge  of  its  great  antiquity,  by 
the  astronomical  periods  which  it  has  transmitted  to  us,  by  some 
just  notions  which  the  Elgyptians  and  Chaldeans  seem  to  have  had  of 
the  system  of  the  world,  and  by  the  exact  relation  of  the  ancient 
measures  to  the  circumference  of  the  earth.  Such  has  been  the 
vicissitude  of  human  affairs,  that  that  of  the  arts  which  could  alone 
transmit  the  events  of  past  ages  in  a  durable  manner,  being  of  mo- 
dem invention,  the  remembrance  of  the  first  inventors  has  been 
entirely  efiaced.  Great  nations,  whose  names  are  hardly  known  in 
history,  have  disappeared  from  the  soil  which  they  inhabited ;  their 
annals,  their  language,  and  even  their  cities  have  been  obliterated* 
and  nothing  is  lef%  of  their  science  or  their  industry,  but  a  confused 
tradition,  and  some  scattered  ruins,  of  doubtful  and  uncertain 
origin. 

It  appears  that  the  practical  astronomy  of  these  early  ages,  was 
confined  to  the  observations  of  eclipses,  the  rising  and  setting  of  the 
principal  stars,  with  their  occultatious  by  the  moon  and  planets. 
The  path  of  the  snn  was  followed  by  means  of  the  stars  which 
were  eclipsed  by  the  twilights,  and  perhaps  by  the  variations  in  the 
meridian  shadow  of  the  gnomon.  The  motion  of  the  planets  was 
determined  by  the  stars  which  they  came  nearest  to  in  their  course. 
To  distinguish  these  bodies,  and  recognize  their  various  motions* 
the  heaven  was  divided  into  constellations.  And  that  zone  from 
which  the  sun^  moon,  and  planets,  were  never  seen  to  deviate,  was 
called  the  zodiac.  It  was  divided  into  the  twelve  following  con- 
stellations :  Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  Libra, 
Scorpio,  Sagittarius,  Capricomus,  and  Pisces.  These  were  called 
Signs,  because  they  served  to  distinguish  the  seasons.  Thus  the  en- 
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tnoee  of  llw  uin  inia  Aries,  in  tlie  time  of  Hipparchns,  inarfced  the 
(oamicticnnpnt  of  the  spring,  aftpr   which  it  desctihed  the  othtr 
afjDi, Tannii,  Gemini,  &c.  but  the  rilrognide  motions  of  the  eqm- 
woxn,  changed  lb«  coincidence  of  the  seasniK;  nevertheless,  ob> 
trrvcn  ■ccuslomed  to  mark  the  commence  men  I  of  the  spring  by  J 
the  entrance  of  the   sun  iulo  the  sign  Aries,  have  continued    la 
characterise  this  seasxin  iii  the  same  manner,  and  have  distinguished  J 
the  siirm  of  the  Korliac  from  (lie  constellations,  the  first  being  ide>^  I 
wid  serving  onlj^  (u  designate  the  course  of  the  son  in  the  echplic. 
Now,  however,  that  we  endeuvour  to  refer  our  ideas  to  the  most  ] 
limplc  cvpressicHis,  we  bcgiu  no  longer  to  uie  the  signs  of  the  i 
4i»t,  bnt  mark  the  poshions  of  the  heavenl^i  boih'cs  on  the  ediptiCf  i 
■crordin'  to  liicir  distance  from  the  eqiiinoctial  point. 

Some  of  the  namei  given  to  the  constellations  of  ihe  zodiac,  «[»• 
pear  to  relate  to  the  motion  of  the  sun.     Cancer,   for  example.  J 
*eemi  to  indicate  Ihe  rclrngMdation  of  this  bod;  from  the  sulsticv^  ] 
and  Libra,  or  the  B.ilnnce,  denotes  the  equality  of  day  and  night. 
And  other  names  seem  to  refer  to  the  climate  and  agriculture  of'  J 
those  Htioni  to  whom  the  zodiac  owes  its  origin.     The  most  s 
dent  obsenatioiis  that  have  been  transmitted  to  us  with  sufficient  ] 
lielail,  are  three  eclipses  of  the  moon,  observed  at  Babylon  in 
Jnn?\$»nd710  before  the  Christian  sera.     Ptolemy,  who  citn  I 
them  in  lib  Almagest,  employs  them  in  his  determination  of  the  mo-  I 
tioB  of  the  moon.     It  is  cerlatn,  that  neither  he  nor  IlipparcN 
could  obtain  auy  that  were  more  ancient,  for  the  exactness  of  tits 
companwMi  is  in  pToporlion  to  the  interval  which  separates  the  ex- 
Iremc  observations.     This  coiisldcnition  shouM  diminish  our  regret 
Ibr  the  loss  of  nineteen  hundred  years  of  observations  by  the  Chat- 
deans,  atid  of  which  they  boasted  in  the  time  of  Alexander,  and  I 
*lHch  Aristotle  obtained  bv  means  of  Cahsthencs.     But  tltey  could 
eoly  have  discovered  the  period  of  6,385  days,  by  a  long  series  of  1 
vbiervatioiis.    Thi^  period,  called  the  sarot,  lias  the  advantage  of   ( 
bringing  back  the  moon  tt  nearly  the  same  period,  with  respect  to 
in  node,  its  petigce,  and  to  Ihe  sun.     Thu.s  the  eclipses  observed'  i 
in  one  period,   afford    an   easy  method  of  calculating  those  « I 
wn  to  Imppen  in  the  succeeding  ones.     The  lunar-solar  period  of  i 
ih  buudred  years,  seems  to  have  been  known  to  the  Chaldeniis.   [ 
thrK  two  periods  sn|iposc  a  knowledge  nearly  approximating  to- ^ 
Ike  liue  length  of  the  year :  it  is  aUo  highly  probable,  tbai  Ihej  . 
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liad  rtamtktd  the  dlftraice  between  the  sidereal  and  tropical  jeaiv 
and  tlMt  they  were  acquainted  with  the  use  of  the  gnomoir  and  sim- 
dial.  And  finally,  some  of  them  were  led  from  considering  the 
spectacle  of  nature,  to  suppose  that  comeU,  like  planets,  are  8iil]|ieot 
to  fixed  periods,  which  are  regulated  by  external  laws. 

Astronomy  is  not  less  ancient  in  Egypt  than  in  Chaldeat  The 
Egyptians  were  acquainted,  long  before  the  christian  sera,  with  the 
excess  of  the  year,  of  one  quarter  of  a  day  beyond  365  days :  ob 
this  knowledge,  they  formed  the  sothic  period  of  1460  years,  which, 
according  to  them,  brought  back  the  same  seasons,  months,  and 
festivals  of  their  years,  whose  lengtli  was  365  days.  The  exact  di- 
rection of  the  sides  of  their  pyramids  with  the  four  cardinal  points* 
give  us  a  very  advantageous  idea  of  their  accuracy  of  observatioo. 
It  is  probable  that  they  had  also  methods  of  calculating  eclipses. 
But  that  which  reflects  most  honour  to  their  astronomy,  was  the  sa- 
gacious and  important  observation  of  the  motion  of  Mercury  and 
Venus  about  the  sun.  The  reputation  of  their  priests  attracted  to 
them  the  greatest  philosophers  of  Greece ;  and,  according  to  aH  ap- 
pearance, tlie  school  of  Pythagoras  b  indebted  to  them  for  the 
sound  notions  they  professed  relative  to  the  system  of  the  universe* 

Among  tliese  people,  astronomy  was  only  cultivated  in  their 
temples,  and  by  priests,  who  made  no  other  use  of  their  knowledgt 
than  to  consolidate  the  empire  of  superstition,  of  which  they  were 
the  ministers.  They  carefully  disguised  it  under  emblems,  wUch 
presented  to  credulous  ignorance,  heroes  and  gods,  whose  actions 
were  only  allegories  of  celestial  phenomena,  and  of  the  operations 
of  nature ;  allegories  which  the  power  of  imitation,  one  of  the  chief 
springs  of  the  moral  world,  has  perpetuated  to  our  own  days,  and 
been  mingled  with  our  religious  institutions;  The  better  to  enslave 
the  people,  they  profited  by  their  natural  desire  of  penetrating  into 
futurity,  and  created  astrology.  Man  being  induced,  by  the  illusMNis 
of  his  senses,  to  consider  himself  as  the  centre  of  the  universe,  it 
was  easy  to  persuade  him,  that  the  stars  influenced  the  events  of  his 
life,  and  could  prognosticate  to  him  his  future  destiny.  This  error* 
dear  to  his  self-love,  and  necessary  to  his  restless  cnriosity,  seems  to 
have  been  coeval  with  astronomy*  It  has  maintained  itself  throogh 
a  very  long  period,  and  it  is  only  since  the  end  of  the  last  century, 
that  our  knowledge  of  our  true  relations  with  nature,  has  caused 
them  to  disappear.    In  Persia  and  in  India,  the  commencement  of 
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nv«lops  Ilie  origin  of  Ibese 
lo  fm  as  ill  CIiIdh,  by  an 


Mtrooomy  is  lost  in  tlie  darkness  wliich 
pM]>k.  tn  DO  country  da  tlii^y  go  bac 
■KODtcslablc  series  of  hiitoriral  raoiiunie 

Ihe  ptHiction  of  eclipses,  and  ilie  regulation  of  the  calendar, 
»«Te  always  regarded  aa  inipurlnnt  objecis,  for  wliicb  a  matlieraa* 
tical  rnbunal  was  established  ;  but  tlie  w?ru{mlr)us  adachmeiit  of 
rite  Ctuime  la  ancient  customs,  whicb  extended  even  (o  tlieir  astrt^ 
Mwical  ra\ti,  lias  coutribuled  among  tbem  to  keep  this  science  tB 
•  perpeluaJ  atale  of  infancy. 

Tbr  iMdian  tables  indicate  a  much  more  refined  astronomy ;  but 
nrty  ifaioig  ibows  that  it  is  not  of  an  extremely  remote  antiquitjr.' 
And  brrr,  oiib  regret,  1  differ  in  opinion  from  a  learned  and  illus- 
bio'US  atlfonomer,  « lio,  afler  bnviog  lionoured  lits  career  by  labouri 
ncfal  bciJt  to  teience  and  humanity,  fell  a  victim  to  itie  most  san- 
luann  lyTMNiy*  opptuing  the  calmness  and  dignity  ol  virtue  to  the 
milingi  of  an  int'atuaied  people,  who  wantonly  prolonged  the  last 
■gomes  of  bia  exiitence*. 

Tbe  Indian  tables  have  two  principal  epochs,  which  go  back,  o 
tolbeTew  Sioa,  the  oilier  to  the  >ear  I4<jt  before  the  Chrisliao 
mn.  Tliete  epochs  are  connected  wilb  the  meun  moiions  of  the 
wn,  tnooD,  and  planets,  in  such  a  manner,  that  one  is  evidenll]p 
fiditiotw:  the  celebrated  astronomer,  above  alluded  to,  esdeavc 
in  bii  Indian  astrouomy,  (o  prove,  that  the  first  of  these  epochs  u 
fouaded  on  observalion.  Notwithstanding  all  the  arguments  are 
bnniikl  forward  with  that  interest  lie  so  well  knew  how  to  bestow 
•a  ■abjccN  ibe  most  diffirult,  I  am  still  of  opinion,  that  this  period 
■••  imenled  for  the  purpose  of  giving  a  common  origia  to  all  the 
Biotiom  of  Ibe  heavenly  bodiet  in  the  zodiac.  In  fact,  computing, 
■ccording  lo  the  Indian  tables,  from  the  year  1491,  to  3i02,  we 
find  a  geoenl  coiij unction  of  ihe  sun  and  all  tlie  planets,  ai 
ibase  labtes  nippove,  but  their  conjnnctiau  differs  too  much  from 
Ibe  rcsoll  of  our  best  tables  lo  have  ever  lakcu  place,  which  show*  i 
IbU  ilie  epoch  to  which  they  refer,  was  not  established  on  ob 
KtTKlioa.  But,  it  must  be  owned,  that  some  elements  of  Ihe  India: 
attroaomy  seem  to  indicate  tliat  they  have  been  determined  even  i 


*  LB*M)l<r,  tlie  greal  raiinder  or  the  nomrnrlalure  of  modern  chrmlMrj'. 
Hem  bora  u  Pun,  Ang.  S6,  r.iS,  and  «u  guillotined  Ma?  6,  lIMidnriac 
■WijtuBj  of  Rotieipierre.— Kdiur 
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befoiv  this  first  e|>ech.  Thus  tbe  equatioii  of  the  centre  of  the  saa, 
which  they  fix  at  2^4173,  could  not  have  been  of  that  magnitude  ; 
but  at  the  year  4300  before  the  Christian  aera.  Bnt,  hidependently 
of  the  errors  to  which  the  Indian  observations  are  liable,  it  may  be 
observed,  that  they  only  considered  the  inequalities  of  the  sun  and 
]|u>on»  relative  to  eclipses,  in  which  the  annual  equation  of  the 
moon  is  added  to  the  equation  of  the  centre  of  the  sun,  and  aug« 
ments  it  about  *  22\  which  is  very  nearly  the  difference  between  our 
determinations  and  those  of  the  Indians.  Many  elements,  such  as 
the  equations  of  the  centre  of  Jupiter  and  Mars,  are  so  difierent  in 
the  Indian  tables,  from  what  they  must  have  been  at  their  first 
epoch,  that  we  can  conclude  nothing  in  favour  of  theur  antiquity 
from  the  other  elements. 

Tiie  whole  of  these  tables,  particularly  the  impossibility  of  the 
conjunction,  at  the  epoch  thoy  suppose,  prove  on  the  contrary,  that 
they  have  been  constructed,  or  at  least  rectified  in  modern  tiroes. 
Nevertheless,  the  ancient  reputation  of  the  Indians  does  not  permit 
us  to  doubt,  that  they  have  always  cultivated  astronomy,  and  the 
remarkable  exactness  of  the  mean  motions  whidi  they  have  assigned 
to  the  sun  and  moon,  necessarily  required  very  ancient  obser* 
vations. 

The  Greeks  did  not  begin  to  cultivate  astronomy  till  a  long  time 
after  the  Egyptians,  of  whom  they  were  the  disciples. 

It  is  extremely  diflicult  to  ascertain  the  exact  state  of  their  astro- 
noinical  knowledge,  amidst  the  variety  of  fable  which  fills  the  early 
part  of  theur  hi&tory.  It  appears,  however,  that  they  divided  the 
heavens  into  constellations,  about  thirteen  or  fourteen  centuries  be- 
fore the  Christifm  aera ;  for  it  is  to  this  epoch  that  the  sphere  of 
Eudoxus  should  be  referred.  Their  numberless  schools  for  philo- 
sophy produced  not  one  single  observer  before  the  foundation  of 
the  Alexandrine  school.  They  treated  astronomy  as  a  science 
purely  speculative,  often  indulging  m  the  most  frivolous  con- 
jectures. 

It  is  singular,  that  at  the  sight  of  so  many  contending  systems, 
which  taught  nothing,  the  simple  reliectiou,  that  the  only  method  of 
compreheudiiig  nature  is  to  interrogate  her  by  experiment,  never 
occurred  to  one  of  tliese  pbiiosopherK,  though  so  many  were  en- 
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I  «ilh  u  adiuiralilc  genius.  But  we  must  reflect,  that  iht 
fiiri  ubtcTTaiioD  only  prcseiiling  insulated  fiicts,  iillle  suited  to  at- 
tnct  ili«  imaginstHin,  iin|ialient  to  ascend  lo  causes,  llicy  must  have 
iucc«cd««l  eacti  will]  extreme  siowuess.  It  requiTed  a  long  succession 
of  ages  lu  accuinulale  a  siitfirient  Dumber,  to  discover,  amnng  llie 
vaiioui  plienoniena,  audi  relalioiis,  which,  by  exteudinic  themselves, 
shuuld  unite  with  llie  ioleresl  of  truth,  that  of  such  general  specula^ 
tkint  Si  the  human  understanding  delights  to  indulge  in. 

Nevertbeleu,  tn  liie  |thiIaso)ihic  dreams  of  Greece,  we  trace  some 
wund  h)(m.  which  their  a«Iroiiomers  collected  in  their  travels,  and 
al'terwatds  improved.  Thales,  born  at  Miletus,  6)Q  v ears  before 
our  «ra,  went  to  Egypt  for  insttuclion :  on  lii*  return  to  Greece, 
lie  foumlnl  ihc  Ionian  school,  and  there  taught  Ihe  sphericity  of  the 
eailb.  the  obltqiiity  of  Ihe  ecliptic,  and  the  true  causes  of  the  eclipses 
of  ibe  suu  and  uiouu  ;  he  even  went  so  fur  as  to  predict  them,  em- 
ploying, DO  douht,  the  periods  which  had  been  communicated  to 
htm  by  llie  priests  of  Egypt. 

Tltale*  had  for  bis  mccessors — A.naximander,  Ana^timenes,  and 
Ana!Lagorai;  lo  Ihe  first  is  attributed  the  invention  of  Ihe  gnomon 
and  gpographiod  charts,  which  the  Egyptians  appear  lo  have  been 
ahradt  acquainted  with. 

Ajiasagoiu  wu  persecuted  by  the  Allienians  for  having  taught 
tlwK  truths  of  Ihe  Ionian  school.  Tliey  reproached  htm  with 
kavmg  d«»tn>yed  Ihe  influence  of  Ihe  gods  an  naturcj  by  endea- 
vouring to  reduce  phenomena  lo  immulahle  laws.  Proscribed  with 
his  children,  be  only  owed  his  life  to  the  protection  of  Pericles,  his 
disci^c  and  bis  friend,  who  succeeded  in  procuring  a  mitigation  of 
his  Miitence  from  death  lo  banishment.  Thus,  truth,  to  establish 
itMlfon  ranb>  lias  almost  always  had  lo  combat  established  preju- 
dicrs,  ud  baa  more  than  once  been  fatal  to  those  who  have  disco- 
lered  it.  From  ibe  Ionian  school  arose  the  chief  of  one  more  cele- 
brated. Pjlhagoras,  born  at  Samos,  about  5<}0  years  before  Christ, 
»as  at  first  Itie  disciple  of  Thales.  This  philosopher  advised  him  lo 
liavel  iulo  Egypt,  where  he  consented  to  be  initiated  iuto  ibe  niys- 
ItriM  of  Ibe  priests,  that  he  might  ablain  a  knowledge  of  all  their 
doctriMB.  The  Brachmans  having  then  attracted  his  curiosity,  he 
went  lo  »i»il  them,  as  far  as  the  shores  of  the  Ganges.  On  his  re- 
lom  to  hU  own  country,  the  despotism  under  which  it  grnanei), 
obliged  bim  again  to  quit  it,  and  he  retired  to  Italyi  where  h« 
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f^inidefl  his  school.  All  the  astronomical  troths  of  the  lonltil 
Bch^ol,  were  taught  on  a  more  extended  scale  in  that  of  Pythagoras; 
but  what  principally  distinguished  it>  was  the  knowledge  of  the  twa 
ttlbtlons  of  the  earth  on  itself»  and  about  the  sun.  Pythagoras 
careftilly  concealed  this  from  the  vulgar,  in  imitation  of  the  £gy|>- 
ttan  priests,  from  whom,  most  probably,  he  derived  his  knowledge ; 
but  his  system  was  more  fully  explained,  and  more  openly  avowed 
by  his  disciple  Philalaus. 

According  to  the  Pythagorists,  not  only  the  planets,  but  the 
comets  themselves^  are  in  motion  round  the  sun*  These  are  not 
ileeting  meteors  formed  in  the  atmosphere,  but  the  mighty  works  of 
nature.  These  opinions,  so  perfectly  correct  on  the  system  of  the 
universe,  have  been  admitted  and  inculcated  by  Seneca,  with  the 
enthusiasm  which  a  great  idea,  on  the  subject  the  most  vast  of  hii- 
man-eentemplation,  naturally  excited  in  the  soul  of  a  philosopher. 

"  Let  us  not  wonder,*'  skys  he,  '*  that  we  are  still  ignorant  of  the 
law  of  the  motion  of  comets,  whose  appearance  is  so  rare,  that  we 
neitber  can  tell  the  beginnuig  nor  the  end  of  the  revolution  of  these 
bodies,  which  descend  to  us  from  an  immense  distance.  It  is  not 
fifteen  hundred  yef  rs  since  t^'  stars  Jiave.  been  numbered  in  Oreece, 
and  names  given  to  the  constellations.  The  day  will  cpme,  when, 
by  the  continued  study  of  successive  ages,  things  which  are  now  bid, 
will  appear  with  certamty,  and  posterity  will  wonder  they  have 
escaped  our  notice. 

The  same  school  taught  that  the  planets  were  inhabited,  and  that 
the  stars  were  suns  disseminated  in  space,  being  themselves  centres 
of  planetary  systems.  These  philosophic  views  should,  from  their 
grandeur  and  justness,  have  obtained  the  suffiages  of  antiquity ;  but 
having  been  taught  with  systematic  speculations,  such  as  the  har- 
mony of  the  heavenly  spheres,  and  wanting,  moreover,  that  proof 
which  has  since  been  obtained,  by  the  agreement  with  observations, 
it  is  not  surprising  that  their  truth,  when  opposed  to  the  illusions  of 
the  senses,  should  not  have  been  admitted. 

[La  Place,  Exposition  du  Syst^me  da  Monde.] 
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JtXmtBRTO  (lie  praclical  astronomy  of  dificreol  people  has 
onlv  offered  ub  some  rude  obsen'atioua  relative  to  ibe  seasons  sod 
cftipwi;  objects  of  llieir  iiecessitit^s  or  tbeir  terrors.  Tlieir  llieore- 
tial  ulroDoniy  condsled  in  the  knowtedge  of  aoine  periods,  founded 
oa  lay  long  iutervals  of  lime,  and  of  various  fortunate  conjectures, 
rcUliie  to  the  conslitulion  of  the  uaiv^se,  but  mixed  witfi  consi- 
derable error.  We  see.  for  the  Brst  time,  in  Ibe  school  of  Alexan- 
dria, B  connecled  series  of  obstrvations;  angular  dUlances  were  made 
with  iostrumenls  aiiilablc  to  tbe  purpose,  and  they  were  calculated 
by  Irtgomelrical  methods.  Astronomy  llicn  took  a  new  form,  uliicli 
liie  fallow ing  ages  bave  adopted  aiid  brought  to  perfection.  Tlie 
postlilioiis  of  the  fixed  stars  were  determined.  Ibe  paths  of  ihe 
pitnrb  carefully  traced,  the  inequalities  of  the  sun  and  moon  were 
better  known,  and,  finally,  it  was  the  School  of  Afenaudria  that  gave 
binh  10  the  first  system  of  Aslrnoomy,  that  had  ever  comprehended 
an  entire  plan  of  the  celestial  motions.  This  system  was,  it  must  be 
aUuwed,  fery  inferior  lo  that  of  the  school  of  Pythagoras,  but 
being  founded  oil  a  comparison  of  observations,  it  afforded,  by  this 
rery  comparison,  the  means  of  its  own  destruction,  and  the  true 
^rsten  of  nature  has  been  elevated  on  iti  ruins. 

After  ibc  death  of  Alexauder,  his  principal  generals  divided  his 
empire  among  tbeniselves>  and  Ptolemy  Soter  received  Egypt  for 
hit  share.     His  munificence  and  love  of  the  sciences,  attracted  lo 

Alexandria  Ibe  capital  of  his  kingdom,  a  great  number  of  the  most 
learned  men  of  Greece.  Ptolemy  Phi  lade  Ipb  us,  who  iuheriled  with 
Ibe  kingdom  his  Other's  love  of  the  sciences,  established  them  there 
itader  liis  owo  particular  protection.  A  vast  edifice,  in  which  ihey 
were  lodged,  contained  both  an  observatory,  and  that  magnificent 
hbrary  which  Demetrius  Phalcrcus  had  collected  with  immense 
trouble  aud  expense.  Here  they  were  supplied  with  whatever 
books  and  iiMtrumenls  were  necessary  to  their  pursoiis  ;  and  their 
emulation  was  excited  by  the  presence  of  a  prince,  who  often  came 

amongst  ihem  to  participate  in  tbeii  coovenatiou  and  their  labours, 
Aryslillus  aad  Timocbares  were  the  first  observers  of  the  rising 
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school ;  they  flourished  about  the  year  300  before  the  Christian 
Kra.  Their  observations  of  the  priiici|)al  stars  of  the  zodiac, 
enabled  Hipparchus  to  discover  the  precession  of  the  equinoxes, 
and  Ptolemy,  from  their  observations  of  the  planets,  founded  his 
theory  of  those  bodies. 

The  next  astronomer  which  the  school  of  Alexandria  produced,  was 
Aristarchus,  of  Samos.  The  most  delicate  elements  of  astronomy 
were  the  subjects  of  his  investigation.  He  observed  the  summer 
solstice,  the  year  281  before  the  Christian  aenu  He  determined  the 
magnitude  of  the  apparent  diameter  of  the  sun,  which  he  found 
equal  to  the  730th  part  of  the  whole  circumference,  a  quantity 
forming  a  mean  between  the  two  limits  which  Archimedes  as- 
signed, a  few  years  afterwards,  to  this  diameter,  by  an  ingenious 
method,  according  to  which  the  solar  diameter  appeared  to  him 
greater  than  the  200th  pait  of  a  right  angle,  and  less  than  the  l64th 
part.  But  what  reflects  the  greatest  honour  on  the  genius  of  Aris> 
tarclius,  is  the  method  by  which  he  endeavoured  to  determine  the 
distance  of  the  sun  from  the  earth.  He  observed  the  angle  con- 
tained between  the  sun  and  the  moon,  at  the  moment  he  judged 
half  of  the  lunar  disk  to  be  illuminated  by  the  sun,  and  having 
found  it  just  96°- 7>  he  concluded  that  the  sun  was  eighteen  or 
twenty  times  farther  from  us  than  the  moon.  Notwithstanding  the 
inaccuracy  of  this  result,  it  extended  the  boundaries  of  the  universe 
much  farther  than  had  been  done  before.  Aristarchus  revived  the 
opinion  of  the  Pythagorists,  relative  to  the  motion  of  the  earth. 
But  as  hu  writings  have  not  been  transmitted  to  us,  we  are  ignorant 
to  what  extent  he  carried  this  theory  in  his  explanation  of  the  ce- 
lestial phenomena.  We  only  know  that  this  judicious  astronomer, 
having  reflected  that  the  motion  of  the  earth  produced  no  change 
m  the  apparent  position  of  the  stars,  placed  them  at  a  distance  in- 
comparably greater  than  the  sun.  Thus  it  appears,  that  of  all  the 
ancient  astronomers,  Aristarchus  had  formed  the  most  just  notions 
of  the  magnitude  of  the  universe. 

Tlie  celebrity  of  his  successor,  Eratosthenes,  b  principally  due 
to  his  measure  of  the  earth,  and  his  observations  on  the  obliquity 
of  the  ecliptic.  Having,  at  the  summer  solstice,  remarked  a  deep 
well,  whose  whole  depth  was  illuminated  by  the  sun,  at  Syene,  in 
Upper  Egypt,  he  compared  this  with  the  altitude  of  the  sun,  ob- 
served at  the  same  solstice  at  Alexandria.  He  found  the  celestial 
arc,  contained  between  the  zeniths  of  these  two  places,  equal  to 
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llie  50lli  part  of  the  w)ii>le  circumference,  and  as  their  tlislatice  was 
exiimnlecl  it  500  slaHia,  be  fixed  at  250  ihousaiid  stadia  the  tength 
of  Ilie  wfiole  leirealrial  circumference.  The  uncertainty  that  exiils, 
n  to  ilie  value  of  thin  siadium,  dues  not  permit  us  to  appreciate 
Ihe  exacliieu  of  this  nieuauremetit. 

Arislolle.  Cleoniedes,  Puasiduniu!,  and  Ptolemy,  have  givcu  four 
other  evaluations  of  the  circumference  of  the  earth,  equivalent  to 
400,  300,  2-10,  ISO  thousand  )>tudia.  The  simple  relations  of  these 
mcuuivi  to  each  other,  leave  room  to  conjecture,  that  these  dtf< 
fcrent  quantitica  are  translations  of  the  same  measure  iu  difiercnt 
nadta.  Tiie  Alexandrian  stadium  whs  400  great  cubits,  of  the 
Bame  length  as  the  nilometer  of  Cairo,  which,  according  to  Freret, 
bas  Dot  been  altered  for  a  sireat  number  of  centuries,  and  may  he 
traced  back  to  the  time  of  Sesostris;  its  macniitude  is  e<{ual  to 
1-71 19  feet,  areordin^  to  some  measures  lately  made  with  great 
preriuon,  which  (;ivei  664-76  feel,  for  the  value  of  the  stadium  of 
Atcssodria.  As  it  is  probable  this  stadium  was  that  of  Plolemy. 
the  circumference  of  the  earth,  according  to  that  astronomer, 
woaM  be  fiS.lSd.SOO  feet,  which  diA'ers  hut  little  from  our  actual 
incasuremenl,  which  fixes  it  at  123,1/8,320  feet*. 

If  the  measures  of  Foisidomut,  CIcomedes,  and  Aristotle,  are 
idenlinl  with  that  of  Ptolemy,  the  corresponding  stadia  are 
5I3J70,  410.8Jj6,  aiid  308.142  feet.  Now,  in  comparing  a  great 
number  of  ancient  itinerary  distances  with  the  actual  known  dis- 
tances, we  find  in  antiijuity  these  different  stadii  so  precisely,  as  to 
render  tlie  identity  of  these  four  measures  of  the  earth  extreniely 
probable,  it  U  therefore  very  probable  that  they  all  depend  on  some 
aneieol  and  very  exact  measure,  either  executed  with  great  care,  or 
htwhid)  the  errors  were  fortunately  compeii sated,  as  has  since  ha|>- 
pened  m  the  measure  of  a  degree  by  Fcrnal,  and  even  in  tliat  by 
PJcard.  It  b  tnie  we  know,  that  Possidonius  himsi^If  measured  an 
arc  of  the  terrestrial  meridian;  and  his  operation,  as  far  as  we  ran 
judge  from  the  detaiU  that  have  been  Irunsniitted  to  us,  wus  very 
inexact;  bnt  there  is  reason  to  think  he  nnly  proposed  to  verify 
MMii«  ancient  measures  uf  the  earth,  and  that  he  found  them  to 
agree  nearly  with  his  own. 

*  Tta  Bitiiona  of  mctrrs,  arcnrding  (o  the  new  mrniiUTrnirnt  of  the  French 
Katiomt  luililuU  1  llie  metre  iKing  equal  (0  39.S7 100  l^tietith  inchci.— Lililor. 
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The  observation  of  Eratostheoes,  on  the  obliquity  of  the  ecliptic* 
it  very  valuable,  inasmuch  as  it  confinns  the  diminution  of  it,  deter- 
mined, d  priori,  by  the  theory  of  gravitation.  He  found  the  distance 
between  the  tropics  less  than  5^,06,  and  greater  than  52.96,  which 
gives  us  a  mean  * 26.50,  for  the  obliquity  of  the  ecliptic.  Hippar* 
chus  found  no  reason  to  alter  this  result  by  his  observations. 

But  of  all  the  astronomers  of  antiquity,  the  science  is  most  in« 
debted  to  Hipparchus  of  Bithynia,  for  the  great  number  and  extent 
of  his  observations,  by  the  important  results  he  obtained,  by  com- 
paring them  with  those  that  had  been  formerly  made  by  others ;  and 
for  the  excellent  method  which  he  pursued  in  his  researches.  He 
flourished  at  Alexandria  about  140  years  before  our  lera.  Not  con« 
tent  with  what  had  already  been  done,  he  determined  to  recom- 
mence every  thing,  and  not  to  admit  any  results  but  those  founded 
on  a  new  examination  of  former  observations,  or  on  new  observa« 
tjoos,  more  exact  than  those  of  his  predecessors. 

Nothing  affords  a  stronger  proof  of  the  uncertainty  of  the  Egyp- 
tian and  Chaldean  observations  on  the  sun  and  stars,  than  the  ne- 
cessity which  compelled  him  to  recur  to  the  observations  of  the 
Alexandrine  school,  to  establish  his  theories  of  the  sun^  and  of  the 
precession  of  the  equinoxes.  He  determined  the  length  of  the  tro- 
pical year,  by  comparing  one  of  his  observations  of  the  summer 
solstice,  with  one  made  by  Aristarchus  of  Samos  forty-five  years 
before ;  he  found  it  365.24667  days.  This  is  in  excess  about  four 
minutes  and  a  half.  But  he  remarks  himself  on  the  little  reliance 
that  can  be  placed  on  a  determination  from  solstitial  observations* 
and  on  the  advantage  of  employing  observations  of  the  equinoxes. 
Hipparchus  recognized  that  there  elapsed  187  <^y*  Arom  the  vernal 
equinox,  to  that  of  the  autumn,  and  178  days  only  from  this  last 
equinox  to  that  of  the  spring.  He  observed,  likewise,  that  these 
intervals  were  unequally  divided  by  the  solstices,  so  that  94  days 
and  a  half  elapse  from  the  vernal  equinox  to  the  summer  sobtice, 
and  92  days  and  a  half  from  this  soktice  to  the  autumnal  equinox. 

To  explain  these  differences,  Hipparchus  supposed  the  sun  to 
move  uniformly  in  a  cux:ular  orbit;  but,  uistead  of  placing  the 
earth  in  the  centre  of  it,  he  supposed  it  removed  the  24th  part  of 
the  radius,  and  fixed  the  apogee  at  the  sixth  degree  of  Gemini. 
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Flam  IhcM  data  lie  formed  tiie  dnt  solar  tables  lu  be  found  in  tbe 
hiitorji  of  AalroDoiiiy.  Tlie  equation  of  the  centre,  which  Ihey 
kupiMwe  was  too  gteat,  it  b  very  |)robable,  that  a  i:oiiipari*on  with 
ecliiMei,  in  wbicli  this  eiguation  is  aug]iieul«d  bji  tlie  annual  equatiou 
of  tfw  moon,  confinned  Hipparclius  in  his  error,  and  perliaps  even 
kJ  bim  into  it.  He  was  mistaken  al-io  in  su|tpoung  circular  llie 
elliptic  orbit  of  llie  sun,  and  that  Ilie  real  velocJIv  of  ibis  body 
wa*  constantly  uniform.  The  contrary  is  now  demon  si  rated  by 
direct  in«inir««  of  the  son's  ap|uircnt  diameter;  but  suctt  observa- 
tions were  iinpoiisibie  at  tbe  lime  of  ilipp<<rchu9,  whose  solar  tables, 
with  all  llieir  imperfect  ions,  are  a  la.siing  monument  of  his  gmiui, 
which  Ptolemy,  three  centuries  after,  respected,  but  did  not  at- 
tempt to  improve. 

Thic  creai  aslrooomer  next  considered  tbe  motions  of  ilie  moon  ; 
be  measured  tbe  length  of  its  revululioa  by  comparing  eclipses,  and 
dctcmined  both  the  eccentricity  and  inclination  of  its  orbit ;  he 
ascerUined  the  motion  of  its  nodes  and  of  its  apogee  ;  and  from  the 
ddermiuation  of  its  paralinx  endeavoured  to  conclude  that  of  the 
mn,  by  tite  breadth  of  tlie  cone  of  tlie  terrestrial  shadow,  in  aa 
edijue  at  the  moiaeDt  it  was  travelled  by  the  moon,  which  led  him 
nearly  to  the  ume  result  as  had  been  obtained  by  Aristurchus.  H« 
nude  a  great  number  of  observations  on  the  jtlaaets,  but  too  much 
tbe  friend  of  truth  to  explain  llieir  motions  by  uncertain  theories, 
hcUfl  tbe  task  of  this  investigation  lo  his  successors.  A  new  star 
which  appeared  in  his  time  induced  him  to  undertake  a  catalogue 
of  Ihc  filed  itars,  lo  enable  posterity  to  recognize  any  changes  that 
■iglit  take  place  in  the  appearances  of  the  heavens,  fie  was  seo- 
MblcaUu  of  tbe  importance  of  such  a  catalogue  for  the  observations 
«f  (lie  rooon  and  the  planets.  The  method  he  employed  was  that 
of  Arysliltut  and  Tiniocliares,  and  which  we  have  already  explained 
in  the  rmt  Book.  The  reward  of  this  long  and  laborious  task  was 
the  important  discovery  of  the  precession  of  the  equinoxes ;  in  com. 
parttif  his  observations  with  those  of  these  astrouomets,  lie  disco- 
vered that  the  stars  had  changed  their  situation  with  respect  to  the 
equator,  but  bad  presrrved  the  same  latitude  wilb  respect  lo  the 
ecliptic,  so  that  to  explain  these  different  changes,  it  is  sufficient  In 
give  a  direct  notiou  to  the  celestial  sphere  round  the  poles  of  the 
ecliptic,  which  produces  a  retrograde  motion  of  the  ecjuinoxes  with 
respea  lo  tbe  riars.     But  be  anaouoced  hi*  discovery  with  some 
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reserve^  being  doubtful  of  the  accuracy  of  the  observations  of 
Arystillus  and  Timochares.  Geography  is  indebted  to  Hipparchus 
for  the  method  of  determining  places  on  the  earth  by  their  latitude 
and  longitude,  for  iwhich  he  6rst  employed  the  eclipses  of  the 
moon.  Spherical  trigonometry,  also,  owes  its  origin  to  Hipparchus, 
who  applied  it  to  the  numberless  calculations  which  these  investiga- 
tions required.  His  principal  works  have  not  been  transmitted  to 
OS ;  they  perished  in  the  conflagration  of  the  Alexandrine  library, 
and  we  are  only  acquainted  with  them  through  the  Almagest  of 
Ptolemy. 

The  interval  of  near  three  centuries  which  separated  Ihese  two 
astronomers,  produced  some  observers,  as  Agrippa,  Menelaus,  and 
Theon.  We  may  also  notice  in  this  interval  the  reformation  of  the 
calendar  by  Julius  Caesar,  and  the  precise  knowledge  of  the  ebbing 
and  flowing  of  the  sea.  Possidonius  observed  the  law  of  this  phe- 
nomenon, which  appertains  to  astronomy  by  its  evident  relation  to 
the  motion  of  the  sun  and  moon,  and  of  which  Pliny  the  naturalist 
has  given  a  description  remarkable  for  its  exactness. 

Ptolemy,  bom  at  Ptoleroais  in  Egypt,  flourished  at  Alexandria 
about  the  year  130  of  our  sera.  Hipparchus  had  conceived  the 
project  of  reforming  astronomy,  and'establishing  the  science  on  new 
foundations.  Ptolemy  continued  this  labour,  too  vast  to  be  accom- 
plished  by  a  single  individual,  and  has  given  a  complete  treatise  ou 
tbif  science  in  his  great  work  entitled  the  jllmagest 

His  most  important  discovery  is  the  evection  or  libration  of  the 
moon.  Astronomers  previously  bad  only  considered  the  motion  of 
Ihb  body  relative  to  eclipses ;  by  following  it  through  its  whole 
course,  Ptolemy  recognized,  that  the  equation  of  the  centre  of  the 
hmar  orbit,  was  less  in  the  sysigies  than  in  the  qaadratures ;  he  de« 
termiiied  the  law  of  thb  diflerence,  and  ascertained  its  value  with 
great  precision.  To  represent  it,  be  made  the  moon  to  move  upon 
an  epicycle  carried  by  an  eccentric,  according  to  a  method  attri- 
buted to  Appolonius  the  geometrician,  and  which  had  before  been 
employed  by  Hipparchus, 

It  was  a  general  opinion  of  the  ancients,  that  the  uniform  circular 
motion  being  the  most  simple  and  natural,  was  necessarily  that  of 
tile  heavenly  bodies.  This  error  maintained  its  ground  till  the  time 
^f  Kepler,  and  for  a  long  time  impeded  him  in  his  researches. 
Ptolemy  adopted  it,  and,  placing  the  earth  on  the  centre  of  tbt 
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t»l«9(ial  motion*,  be  enrfnvourHt  to  Tepnsenl  \hea  inctjoalitin  in 
tbb  filw  liTpotlmu.  Eudoxus  had  preTioiul<r  imagined  Air  Ifais 
object,  cnrr  planet  atlacbed  to  $e<rcnl  coucenlnc  spbcrcs  cwlawcd 
wiUi  different  motioas ;  but  tbu  aslronomer  tiol  hating  nplaiofd 
ia  what  manner  these  spbcres,  by  their  action  od  tlie  planela  pimtnce 
the  rariclj'  of  llicir  motions,  bis  bypolbens  bardlir  dncnres  noiice 
in  a  treatise  ou  a»lroaoniv.  A  mucli  more  ingenious  hvpotbcw 
CDibi^tt  in  inoviag  along  one  circumference,  uf  which  the  earth 
occupies  the  centre,  thai  of  another  circumference,  on  which  muTc* 
that  of  a  third,  and  lO  on,  up  to  (he  last  drcu inference,  on  which 
ibe  body  b  supiMsed  to  move  uniform))'.  If  the  rariius  of  one  of 
ibeK  orclcs  turpaues  the  sum  of  the  olhen,  the  apparent  moliiin  of 
the  body  roond  the  earth  nill  be  composed  of  a  mean  unrfonn 
niotioa,  and  of  several  inequalities  depending  on  tite  proportions  of 
ibcse  ceveral  radii  to  each  other,  and  the  motions  of  their  centres, 
and  of  that  of  the  star.  By  increasing  Iheir  number,  and  giving 
them  suitable  dimensions,  we  may  represent  the  inequalities  of  ihi* 
a]>parenl  motion.  Such  is  llic  nioit  general  manner  of  consideriug 
the  hygmlhesis  of  cycles  and  eccentrics,  which  Plolemy  adopted  in 
fail  theories  of  the  suu,  moon,  and  planets.  He  supposed  these 
bodies  in  mntton  round  the  earth  in  this  order  of  distances — the 
Moon,  Mercury,  Venus,  the  Sun,  Mars,  Jupiter,  Saturn:  astrono- 
mers were  divided  m  their  opinions  as  to  llie  position  of  Mercury 
and  Vcnos:  Plolemy  fulluned  the  most  ancient  opinion,  and  placed 
ibem  below  the  lun ;  others  placed  them  above,  and  finaltv,  the 
Egyptians  made  them  move  round  it.  It  is  singidar,  tlial  Plolemy 
does  not  mention  this  hypothesis,  ifhich  is  equivalent  to  plnciu^the 
)un  in  the  centre  of  the  epicycles  of  these  two  planets,  inaicnd  of 
m^ing  them  revolve  round  aa  ima^nary  centre.  But,  being 
persuaded  that  his  system  could  only  be  adapted  to  the  three 
■upetior  planets,  he  transferred  it  to  the  two  inferior,  and  was  mis- 
led by  a  false  applicatiun  of  the  principle  of  tlie  uiiirormily  of  the 
laws  of  nature,  which,  If  he  had  set  out  from  tlie  discovery  of  the 
Egyptians,  on  the  motions  of  Mercnry  and  Venna,  would  have  led 
him  to  the  tnie  syslem  of  the  world.  But  even,  if  epicycles  coidd 
be  made  to  represent  the  iueqaalilles  of  the  motions  of  the  heavenly 
bodies,  still  it  would  be  impossible  to  represent  the  variations  in 
iheir  distances.  lu  the  lime  of  Plolemy,  these  variations  were  i 
moit  insensible  in  the  ]ilauets,  whose  apparent  diameters  could  not 
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then  be  measured.  But  his  obsenratious  on  the  moon  should  have 
taught  him  that  his  hypothesis  was  errooeous,  according  to  which 
tfie  diameter  of  the  moon  peri||^»  in  the  quadratures,  should  be 
4ouble  of  tlie  diameter  apogee  in  the  sysigies.  The  motion  in 
latitude  of  the  planets,  was  another  difficulty  to  be  unexplained  by 
this  system ;  and  every  inequality  which  the  improvements  in  the 
art  of  observing  discovered,  incumbered  this  system  with  a  new 
epicycle,  which,  instead  of  being  confirmed  by  the  progress  of  the 
idenoe,  has  only  grown  more  and  more  complicated;  and  this 
diould  convmce  us,  that  it  is  not  that  of  nature.  But  in  consider- 
ing it  as  a  mediod  of  adaptmg  the  celestial  motions  to  calculation, 
thu  first  attempt  of  the  human  understanding  towards  an  object  so 
very  complicated,  does  great  honour  to  the  sagacity  of  its  author. 

Ptolemy  confirmed  the  motion  of  the  equinoxes,  discovered  by 
Hipparchus,  by  comparing  hb  observations  with  those  of  this  great 
astronomer.  He  established  the  respective  immobility  of  tlie 
stars,  their  invariable  latitude  to  the  ecliptic,  and  their  motion  m 
longitude,  which  he  found  *  111''  in  every  year,  as  Hipparchus  had 
auqpected. 

We  now  know  that  this  motion  is  very  nearly  f  154'  annually, 
which,  considering  the  interval  between  the  observations  of  Ptolemy 
and  Hipparchus,  implies  an  error  of  more  than  one  degree  in  their 
ob«rvations.  Notwithstanding  the  difficulty  which  attended  the 
determination  of  the  longitude  of  the  stan,  when  observers  bad 
no  exact  measure  of  time,  we  are  surprised  that  so  great  an  error 
ahould  have  been  committed,  particularly  when  we  observe  the 
agreement  of  the  observations  with  each  other,  which  Ptolemy 
cites  as  a  proof  of  the  accuracy  of  his  result.  He  has  been  re- 
proached with  having  altered  them,  but  this  reproach  is  not  found- 
ed ;  his  error,  in  the  determmation  of  the  motion  of  the  equinoxes, 
aieems  to  have  been  derived  from  too  great  confidence  in  the  result 
of  Hipparchus,  relative  to  the  length  of  the  tropical  year  and  the 
motion  of  the  sun.  In  fact,  Ptolemy  determined  the  longitudes  of 
th^  stars,  by  comparing  them  either  with  the  sun,  or  with  the 
moon,  which  was  equivalent  to  a  comparison  with  the  sun,  since 
the  synodical  revolution  of  the  Moon  was  well  known  by  the  means 
of  eclipses.  Now,  Hipparchus  having  supposed  the  year  too  long, 
— — i— »«^^— ■ '      —  ._, 
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and  canwqiieiiUy  the  motioD  of  the  sun  in  longitude  loo  slow,  it  i» 
cImt  ihal  tiin  error  dimiDUhed  the  longitudes  of  the  sun  and 
moon,  empiojeJ  bj  Plolemy.  The  motion  in  longitude,  which  he 
sitribulcd  to  Ibe  stars,  is  loo  small  bj>  llie  arc  described  by  the  sua 
in  the  lime,  eqtial  to  the  ciror  orHipparchu^  in  the  length  of  the 
ytu. 

In  the  lime  of  HippTchus,  the  tropical  year  nas  3(jj. 24234: 
this  great  astronouier  sU)jposed  it  365.24667;  tlie  difference  is  433", 
■od  during  (bis  bterval  Ibe  sun  describe*  an  arc  of  47" ;  (bu, 
(dileri  lo  Ibe  aonoal  precession  of  lU",  determined  by  Ptolemy, 
l^oei  156  for  the  preceaaion,  which  he  would  have  found,  if  he  had 
computed  from  the  length  of  the  true  tropical  year,  the  errvr  would 
ibcR  have  bc«o  only  4". 

This  remark  has  led  lo  the  examination  of  another  qne»lion.     It 
bad  been  getienify  believed,  that  the  catalogue  of  Ptolemy,   wai 
that  o(  Hipparchus.  reduced  to  his  time  bj  means  of  the  annual 
prccusion  of  ill'.     Tliis  opinion  is  founded  on  tbu  circumstance, 
ttwt  ifac  constant  error  in  longitude  of  his  stars,  disappear  when 
■editecd  (o  the  time  of  Hipparchus.     But  the  expbnation  which  we 
knt  given  of  the  cause  of  this  error.  Justifies  Ptolemy  from  the  re< 
pToacb  which  baa  been  imputed  to  him,  of  having  taken  the  merit 
of  Hipparcbus  to  himself;  and  it  seems  right  to  believe  him,  when 
be  aneils  llial  he  has  observed  all  the  stars  of  bis  own  catalogue, 
(TCB  (o  the  >lan  of  the  sixth  magnitude.     He  adds,  al  the  si 
time,  tbal  be  fonnd  very  nearly  the  same  positions  of  the  stan^  i 
rebUit«fy  lo  the  ecliptic,  as  Hif^arcfaus,  so  that  Uic  di&re 
Iwcoi  these  two  catalogues  must  have  been  very  small.    Thus,  thfl'  I 
ions  of  Ptolemy  oo  the  stars,  and  the  true  value  which  ba-  i 
i  lo  the  evection,  are  proofs  of  his  exactness  as  an  ob>    | 
KTver.     It  is  true,  that  the  three  equinoxes  which  lie  has  observed, 
aic  iiMcntrate:  but  it  appears  that,  too  ranch  prepossessed  m- 
fcrear  of  the  cxactneM  of  the  solar  tables  of  Hipprchus,  he  made 
bii  obMrratMiit  of  the  equinoxes,  at  that  time  very  ditlicult,  coib    ' 
cidc  with  tbciBi  u  the  derwogeraent  of  hb  armillary  might  havt   1 
been  aafficienl  to  explain  the  errors. 

tlie  ■alronomieal  edifice  raised  by  Ptolemy,   subsisted  near  four*  ] 
tcoi  centuries,  and  now  that  it  is  entirely  destroyed,  his  Almagei^  1 
tmmiatd  as  a  depositary  of  ancient  observations,  is  one  of  lbs 
wnm  fnaoat  monuments  of  aniiquily.     Ptolemy  has  not  rendered    I 
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kss  lernee  to  geography,  io  coHectiog  all  the  known  longitudes  md 
latitudes  of  different  places,  and  laying  the  foundation  of  the 
method  of  projections,  for  the  construction  of  geographical  charts;. 
He  composed  a  great  treatise  on  empties,  which  has  not  been  pre* 
served,  in  whidi  he  explained  the  astronomical  refractions:  he 
likewise  wrote  treatises  on  the  several  sciences  of  chronology, 
music,  gnonionics,  and  mechanics^  So  many  labours,  and  on  such 
a  variety  of  subjects,  manifest  a  very  superior  genius,  and  will  ever 
obtain  him  a  disffaigtHsbed  rank  in  the  hbtory  of  science.  On  the 
revival  of  astronomy,  when  his  system  gave  way  to  tiiat  of  nature, 
mankind  avenged  themselves  on  him  lor  the  despotism  it  had  so 
hmg  maintained;  and  they  accused  Ptolemy  of  havbg  appropriated 
to  himself  the  discoveries  of  his  predecessors ;  but  in  hb  time^  tlw 
works  of  Hipparchu^  and  of  the  astronomers  of  Alexandria,  must 
have  been  sufficiently  known  to  have  rendered  excusable  his  not 
distmgubhing  what  belonged  to  them  from  his  own  disooveries.  Aa 
to  the  long  continuation  of  his  errors,  it  must  be  attributed  to  the 
same  causes  which  replunged  Europe  into  daiknessw  The  fame  of 
Ptolemy  has  met  with  the  same  fate  as  that  of  Aristotle  and  Des- 
cartes. Their  errors  were  no  sooner  recogniaed,  than  a  bMad 
admiration  gave  way  to  an  unjust  contempt,  for  even  in  sdenee 
Itself,  the  most  useful  revolutions  are  not  always  exempt  from  paa» 
sion  and  prejudice. 

[La  Place,  Expoation  du  SystCme  du  Mimde.] 
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It  !«  to  the  ArabJBns  that  modern  Europe  i^  indebted  for  the  first 
Txyt  of  light  llial  di*9i)»ted  the  darkness  in  wliicb  it  wns  enveloped 
during  t«rclTe  ccnluries.  Tliey  Ininsmilled  to  us  Ibe  treasure  of 
knowledge  wbicli  the;  received  from  tlie  Greeks  wbo  wire  tliem- 
sdvM  diicipUi  of  the  Egyptians ;  but  by  a  deplorable  fatality  tlie 
vti  and  sciences  disappeared  among  all  these  uations,  as  soon  as 
\bey  had  commuiiicaleJ  tiiem. 

Detpotiini  has  for  a  long  period  extended  its  barbarism  over  those 
beautiliil  couctties  where  science  first  received  its  origin,  and  tlio^e 
uimcn  which  formerly  rendered  tbeni  celebrated,  arc  now  unknown 
in  th«ni. 

Alphooso.  king  of  Castille,  was  one  of  Ihe  first  sovereigns  wbo 
encouraged  llie  revival  of  astronomy  in  Euto)ie.  This  science  cau 
reckon  but  few  such  aealous  protectors ;  but  lie  was  ill  seconded  by 
Ibc  astrouuiiiers  whom  he  bad  assembled  al  a  considerable  enpeuae, 
■ail  tlw  tables  which  tbey  published  did  not  answer  lo  the  great 
coat  tliey  had  occasioned. 

Endowed  with  a  correct  judgment,  Alphoiiso  was  shocked  al  the 
confuiioa  of  the  circles  in  which  ihe  celestial  bodies  were  supposed 
to  move;  be  felt  (bnl  ibe  expedients  employed  by  nature  ought  to 
be  mm  sraiple.  "  If  the  Deity,"  said  be,  "  had  asked  my  advice, 
"  tiwte  tUingii  would  have  been  belter  arranged.'  By  these  words, 
which  are  Used  with  impiety,  be  meant  to  express  that  mankind 
were  ilill  fer  from  knowing  the  true  mechanism  of  ihe  universe. 

In  Ibc  time  of  Alpbonso,  Europe  was  indebted  to  the  eneourage- 
oient  of  Frederic  II.  Emperor  of  Germany,  for  the  first  Latin 
iniislalion  of  llie  Almagest  of  Ptolenij,  which  was  made  from  the 
Ar«hic  version. 

We  arc  now  arriveil  al  Uiat  celebrated  epoch  when  astronomy, 
^  from  Ibe  narrow  sphere  which  had  hitherto  confined  it. 
iUrif  by  a  rapid  and  continued  progress  lo  the  height  wher« 
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we  now  behold  it«  Purbech,  Regiomontaniui,  and  Walther,  pre- 
pared the  way  to  these  prosperous  days  of  the  science,  and  Coper- 
nicus gave  them  birth  by  the  fortunate  explanation  of  the  celestial 
phaenomena,  by  means  of  the  motion  of  the  earth  on  its  axis,  and 
round  the  sun. 

Shocked^  like  Alphonso,  at  the  extreme  complication  of  the 
system  of  Ptolemy,  he  tried  to  find  among  the  ancient  philosophers 
a  more  simple  arrangement  of  the  universe.  He  found  that  many 
•f  them  bad  supposed  Venus  and  Mercury  to  move  round  the  suns 
that  Nicetas,  according  to  Cicero*  made  the  earth  revolve  on  its 
axis,  and  by  this  means  (reed  the  celestial  sphere  from  that  inoon* 
ceivable  velocity  which  must  be  attributed  to  it  to  accomi^ish  -its 
diurnal  revolutionw  He  learnt  from  Aristotle  andPlutardi*  that  the 
Pythagorists  had  made  the  earth  and  planets  move  round  the  sun^ 
which  they  placed  in  the  centre  of  the  univerK.  These  hnniiioiis 
ideas  struck  him ;  he  applied  them  to  the  astronomical  observatioiis 
which  time  had  multiplied,  and  had  the  satisfaction  to  see  them 
yield,  without  difficulty,  to  the  theory  of  the  motion  of  the  Earth. 
The  diurnal  revolution  of  the  heavens  was  only  an  illusion  due  to 
the  rotation  of  the  earth*  and  the  precession  of  the  equinoxes  is 
reduced  to  a  slight  motion  of  the  terrestrial  axis.  The  cbcles,  ham* 
giiied  by  Plolemy,  to  explain  the  alternate  direct  and  vetragiade 
motions  of  the  planets^  disappeared.  Copemieiis  only  saw  in  these 
singular  phsenomena,  the  appearances  produced  by  the  motion  of 
the  earth  round  the  sun,  with  that  of  the  planets :  and  he  con- 
cluded, from  hence,  the  respective  dimensions  of  then'  orbits, 
which  till  then  were  unknown.  Finally,  every  thing  hi  this  system 
announced  that  beautiful  simplicity  in  the  expedients  of  nature, 
which  delights  so  much  when  we  are  fortunate  enough  to  discovet 
it.  Copernicus  published  it  in  his  work.  On  ike  Celestial  Revoiu* 
turns  f  not  to  shock  received  prejudices*  he  presented  it  under  the 
form  of  an  hypothesis.  **  Astronomers^**  said  he^  **  in  his  dedica- 
tion to  Paul  III.,  being  permitted  to  imagine  circles^  to  explain  the 
motion  of  the  stars,  I  thought  myself  equally  entitled  to  examiaa 
if  the  supposition  of  the  motion  of  the  earth,  would  render  tiie 
theory  of  these  appearances  more  exact  and  simple.'^ 

This  great  man  did  not  witness  the  success  of  his  work.  He  died 
suddenly  by  the  rupture  of  a  blood-vessel,  at  the  age  of  sevoity- 
one  year%  a  few  days  after  receiving  the  first  pfoo£    He  «as  bom 
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■r  Thom,  m  Polub  Pruuia,  Ihe  igtti  of  Fiibniary,  14*3.  After 
Inmiuj;  the  Greeic  and  Laltn  languagH,  lie  went  lo  conliDue  Iiu 
Huilies  Bs  Crarofia.  Afterwards,  induced  by  his  lasle  for  astro* 
Bouty,  aiid  by  the  reputatioa  which  Regiomontaiius  had  acquired, 
he  undertook  a  Jauniey  to  llaly,  where  tliis  science  *ui  taught  with 
succra:  bebg  greatly  desirous  to  render  himself  illustrious  by  the 
■anc  career,  he  followed  the  lessons  of  Dominic  Maria,  at  Bologna. 
When  airiTed  bI  Rome,  his  talents  obtabed  faiiii  the  place  of 
firMor:  he  afterwards  quitted  ihis  city  lo  establisli  himself  at  Fra> 
>«nbet^  wbere  bii  uncle,  tbeit  Bishop  of  Wartnia,  made  him  s  ' 
canon.  It  wu  in  this  tranquil  abode,  that  by  Ihirly-six  years  of  J 
obMTTatian  and  uiedilalion,  he  established  his  theory  of  Ihe  molion^ 
•f  Uk  earth.  At  his  death,  he  was  buried  in  the  cathedral  of  Pre. 
nuberg,  without  any  pomp  or  epitaph :  but  his  memory  will  exiat 
at  long  as  the  great  truths  which  be  lian  again  introduced  wilh  such 
etnlence,  as  to  have  at  length  dissipated  the  illusions  of  the  sensei, 
and  snrmonnled  the  difficulties  which  ignorance  of  ibe  taws  of  me> 
«haaics  had  opposed  to  them. 

These  truths  had  yet  lo  ranquuhobstaclesof  another  kind,  and  ' 
wbicfa,  arising  from  a  respected  source,  would  have  stifled  them  if  ' 
tbc  rapid  progress  of  all  the  mathematical  sciences  bad  not  con^-^ 
eurred  lo  support  them. 

Religion  was  invoked  lo  destroy  an  astronomical  system,  and  ona 
of  its  defenders,  whose  discoveries  did  honor  lo  his  age  and  conn*  ' 
try,  was  lorniented  by  repeated  prosecutions.  Belhicus,  the  dii-  ' 
ciple  of  CopemicDs,  was  the  hrst  who  adopted  his  ideas ;  but  thej  ' 
were  not  in  great  estimation  till  towards  the  beginning  of  Ibe  seveoi  * 
lecnth  cculury,  and  then  they  owed  it  principally  lo  Ihe  labours  and 
mbfortunes  of  Galileo. 

A  fortuoale  accident  had  made  known  the  most  wonderful  instm^ 
nieni  ever  discovered  by  human  ingenuity,  and  which,  by  giving  to 
istroaomical  observations  a  precision  and  extent  hilherlo  unhoped 
far,  displayed  in  tlie  heavens  new  meqnalities,  and  new  worlds, 
Oititeo  hardly  knew  of  the  first  trials  of  the  telescope,  before  ha  ' 
Lent  liis  mind  to  bring  il  lo  perfection.  Directing  it  towards  Ihe  , 
itan,  he  discovered  the  four  satellites  of  Jupiter,  which  shewed  a 
WW  analogy  between  the  earth  and  planets;  he  afterwards  observed 
thi  phases  of  Venus,  and  from  that  moment  he  no  longer  doubted 
•f  ib  ■Hioi  rontid  the  sun.  Hie  milky  way  displayed  to  him  an 
C3 
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ui6Dite  number  of  small  stars^  which  the  irradiation  confounds  to 
the  naked  eye,  in  a  white  and  continued  light ;  the  luminous  points 
which  he  perceived  beyond  the  line  which  separated  the  light  part 
of  the  moon  from  the  dark,  made  him  acquainted  with  the  exist- 
ence and  height  of  its  mountains.  At  length  he  observed  the  ap^ 
pearances  occasioned  by  Saturn's  ring,  the  spots  and  rotation  of  the 
sun.  In  publishing  these  disco veriesg  he  showed  that  they  proved 
incontestibly,  the  motion  of  the  earth ;  but  the  idea  of  this  motion 
was  declared  heretical  by  a  congregation  of  cardinals ;  and  Galileo^ 
its  most  celebrated  defender,  was  cited  to  the  tribunal  of  the  Inqui- 
sition, and  compelled  to  retract  this  theory,  to  escape  a  rigoioiis 
prison. 

One  of  the  strongest  passions  b  the  love  of  truth  in  a  man  of 
genius.  Full  of  the  enthusiasm  which  a  great  discovery  inspires^  ho 
burns  with  ardour  to  disseminate  it,  and  the  obstacles  which  igno* 
ranee  and  superstition,  armed  with  power,  oppose  to  it,  only  irritate 
and  increase  his  energy.  Galileo,  convinced  by  hb  own  observa- 
tions of  the  motion  of  the  earth,  had  long  meditated  a  new  work, 
in  which  he  proposed  to  develope  the  prooft  of  it.  But  to  shelter 
himself  from  the  persecution  of  which  he  liad  barely  escaped  being 
the  victim,  he  proposed  to  present  them,  under  the  form  of  dialogues 
between  three  interlocutors,  one  of  whom  defended  the  system  of 
Copernicus,  combated  by  a  Peripatetic.  It  b  obvious,  that  the 
advantage  would  rest  with  the  defender  of  thb  system ;  but,  as 
Galileo  did  not  decide  between  them,  and  gave  as  much  weight  as 
possible  to  the  objections  of  the  partisans  of  Ptolemy,  he  had  a 
right  to  expect  that  tranquillity  which  hb  age  and  labours  merited. 

The  success  of  these  dialogues,  and  the  triumphant  manner  with 
which  all  the  di£Bculties  against  the  motion  of  the  earth  were  re- 
solved, roused  the  Inquisition,  Gidileo,  at  the  age  of  seventy,  was 
again  cited  before  thb  tribunal  The  protection  of  the  grand  Duke 
of  Tuscany  could  not  excuse  hb  appearance.  He  was  confined 
in  a  prison,  where  hb  opponents  required  of  hiiu  a  second  dis- 
avowal of  hb  sentiments,  and  threatening  him  with  the  punishment 
incurred  by  contumacy,  if  he  continued  to  teach  the  system  of 
Copernicus. 

He  was  compelled  to  sign  thb  formula  of  abjuration : 

**  1  Galileo,  in  the  siventieth  year  qf  my  age,  brought  personally 
**  to  justice,  being  on  my  JmeeSf  and  having  hrfore  my  egu  the  holy 
^  Evangelists,  which  1  touch  uith  my  own  hands,  with  a  sincere  heart 
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«'  amd  Jailk,  aljurt,  cunt,  and  dcttit,  the  ahsurdily,  error,  and  heresy, 
•*  ^  the  noliM  of  the  Earth,-  &c. 

What  a  »pectMdel  A  veuerable  old  mao,  rendered  illusrrious  by 
along  lifc,  coDMcraled  to  die  »rudj  of  nature,  abjuiing  od  his 
knees,  agaiiHt  tbt  teslimony  of  Lii  own  conscience,  the  truth  wliicb 
lie  lud  M  evidently  proved.  A  decree  of  the  Inquisition  condemn- 
t4  him  lo  a  perpetual  priaoii.  He  was  releused  after  a  veur,  al  tbe 
ioticitalioM  of  the  grand  duke;  but,  to  prevent  liis  witlidtawing 
hinucll  l>«m  tlie  power  of  the  Inquisition,  Iw  was  forbidden  lo 
leave  Ibc  tenilory  of  Florence. 

Bom  Jt  Ptia,  in  Ij64,  lie  gave  early  indications  of  those  tateutt 
wbich  trtK  afterwards  developed.  Mechanics  owe  lo  him  many 
discoTa^ie^  of  which  the  moit  important  is  the  llieory  of  falling 
bodies. 

Galileo  was  occupied  with  the  libration  of  tlie  moon  when  fae 
lost  bis  sight;  he  died  three  years  afterwurdd,  at  Arcetre,  in  l6i3, 
regretted  by  all  Europt,  which  lie  left  enlighteDed  by  bis  labours, 
and  iiuligDwit  at  the  Judgment  passed  against  so  great  a  man  by 
an  odious  Iribunal. 

WJiile  this  passed  in  Italy,  Kepler,  in  Germany,  developed  tbe 
laws  of  the  pUnelart  motions.  But,  previous  lo  the  account  of 
hii  dncoveriea,  it  is  necessary  to  look  back  and  to  describe  the  pro- 
gitM  of  utrononiy  b  tbe  north  of  Europe,  afler  the  death  of 
Coperaictu. 

^Ite  history  of  Ibis  science  prewnis  at  this  cpocli  a  great  number 
of  excellent  observers.  One  of  the  most  illustrious  was  William 
IV,  Laudgrave  of  llesse-Cassel.  He  had  an  observatory  built  at 
CasscI,  which  he  furnished  with  instruments,  constructed  with  care, 
and  with  which  he  observed  a  long  lime.  He  procured  two  cele- 
brated astroDuaiers,  Rothmau  and  Juste  Byrye ;  and  Tycho  owed 
(o  his  pressing  solicitations,  the  advantages  which  Frederic,  King 
of  Demuaik.  obtained  for  hiu. 

l^'cbo  Brabe,  who  was  one  of  the  greatest  observers  that  ever 
existed,  was  bom  at  Kuucksturp,  in  Norway.  His  taste  for  astro- 
nomy was  manifested  at  the  age  of  fourteen  years,  on  the  occasion 
of  an  eclipse  of  the  sun  which  happened  in  i  560.  At  this  age. 
utiea  reflection  is  so  tare,  the  Justice  of  the  calculation  which 
d  ihii  pltKuomenon,  inspired  him  with  an  anxious  desire 
le  koow  iti  principles ;  and  Ibis  desire  wtu  still  further  increased  by 
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the  oppoddoD  of  his  preceptor  and  family.  He  travdled  to  Oer- 
maoy,  wheie  he  formed  comiections  of  correspondence  and  firieiid* 
thip  with  the  most  distinguished  persons  who  pursued  astronomy 
either  as  a  profession  or  amusement,  and  particularly  with  the 
Landgrave  of  Hesse-Cassel,  who  received  him  in  the  most  flattering 
manner. 

On  his  return  to  his  own  countiy,  he  was  fixed  there  by  his  sove« 
reign,  Frederic,  who  gave  him  the  little  island  of  Huena  at  the 
entrance  of  the  Baltic.  Here  Tycho  built  a  celebrated  observatory, 
which  was  called  Uranibourg:  and  during  an  abode  of  twenty*oiie 
years,  accumulated  a  prodigious  mass  of  observations  and  im- 
portant discoveries.  At  the  death  of  Frederic,  envy,  then  unre- 
strained, compelled  Tycho  to  leave  his  retreat.  His  return  to 
Copenhagen  did  uot  appease  the  rage  of  hb  prosecutors;  the  mi- 
nister, Walchendorp  (whose  name,  like  that  of  all  men  who  have 
abused  the  power  entrusted  to  them,  ought  to  be  handed  down  to 
the  execration  of  all  ages),  forbad  him  to  continue  his  observatioiis. 
Fortunately,  Tycho  found  a  powerful  protector  in  the  Emperor 
Rpdolph  JI.  who  settled  on  him  a  considerable  pension,  and  lodged 
him  commodiously  at  Prague.  He  died  suddenly  at  this  city,  on 
the  24th  of  October,  1601,  in  the  midst  of  hb  labours,  and  at  an 
9ge  when  astronomy  might  have  expected  great  services  from  him. 

The  iuvention  of  new  instruments,  and  new  improvements,  added 
tothe  old  ones  a  much  greater  precbion  in  observation  ;  a  catalogue 
of  stars  very  superior  to  those  of  Hipparchus,  and  Ulugh  Beigh ; 
the  dbcovery  of  that  inequality  of  the  moon,  which  is  called  va- 
riation ;  that  of  the  inequalities  of  the  motion  of  the  nodes,  and  of 
the  incKnation  of  the  lunar  orbit;  the  interesting  remark,  that 
comets  are  beyond  tbb  orbit ;  a  more  perfect  knowledge  of  astro- 
pomical  refraction;  finally,  very  numerous  observations  of  the 
planets,  which  have  served  as  the  basis  of  the  discoveries  of  Kepler* 
3uch  are  the  principal  services  which  Tycho  Brahe  has  rendered 
astronomy.  Struck  with  the  objections  which  the  adversaries  of 
Copernicus  made  to  (he  motion  of  the  earth,  and  perhaps  influenced 
by  the  vanity  of  wishing  to  give  hb  name  to  an  astronomical  system, 
he  mistook  that  of  nature.  According  to  him,  the  earth  is  im- 
inovable  in  the  centre  of  the  universe ;  all  the  stars  move  every  day 
round  the  axb  of  the  world ;  and  the  sun,  in  its  annual  revolution, 
i:arries  with  it  the  planets*    In  thb  system,  already  known^  the  ap« 
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parances  ar«  the  rame  m  ia  lliat  of  the  motion  of  the  eartli.  We 
I  general,  cQmider  any  point  we  chuse ;  for  example,  ibe 
ccDirv  of  tfae  nooa  is  immovable,  provided  we  assign  the  motion 
with  <*fiich  it  is  animated  io  a  contrary  direction  to  all  the  stars. 

But,  is  it  Dot  physically  absurd  to  suppose  the  earth  immovable 
iniptce.  while  the  sim  carries  with  it  the  planets  in  which  it  is  in- 
cluded 1  How  could  the  distance  from  the  earth  lo  the  sun,  which 
■greet  »o  well  with  the  duration  of  its  revolution  in  the  hypothesii 
of  the  motion  of  the  earib,  leave  any  doubt  of  the  truth  of  this  hy- 
pothesis, ia  a  mind  cooiitituted  to  feel  (be  force  of  analogy.  It 
mwtt  be  confessed  that  Tycho,  though  a  great  observer,  was  not 
fortunate  in  his  research  atier  causes ;  his  unphilosophical  mind  had 
efti)  iiubibed  the  prejudices  of  astrology,  which  he  tried  to  defend. 

I(  ironId>  be,  however,  unjust  to  Juil^e  him  with  the  same  rigor 
u  ooe  who  ibculd  rel'use  at  present  to  believe  the  motion  of  the 
eaitit,  confirmed  by  the  numerous  discoveries  made  in  astrouotny 
unce  that  period. 

The  diflicullies  which  the  illusions  of  the  senses  oppose  to  this 
theory,  were  not  then  completely  removed.  The  ap|>arentdia- 
ineler  uf  the  fixed  stars,  greater  than  their  annual  paralbx,  give  to 
these  itar)  on  tliis  theory,  «  real  diameter,  greater  ihau  that  of 
the  terrestrial  orbit.  The  telescope,  by  reducing  lliem  to  luiniuous 
points,  malie  this  improbable  magnitude  disappear.  It  could  not  be 
(onci-ived  how  these  bodies,  detached  from  the  earth,  could  follow 
its  motion.  The  laws  of  mecliauics  have  explained  these  sppear- 
3Dces;  ibey  have  proved,  what  Tycho  had  again  made  doubtful, 
that  ■  body,  falling  from  a  considerable  height,  and  abandoned  to 
ibeactioD  of  gravity  alone,  ought  to  fall  very  nearly  in  s  vertical 
I'me,  only  deviating  to  the  east,  by  a  <|uanlily  diHicult  to  estimate 
accurately  bj  observation  from  its  minuteness,  so  that  at  present 
there  is  as  much  diflicully  in  proving  the  uioliuu  of  the  earth  by  a 
direct  expertmeiit,  as  foruierly  existed  to  prove  that  it  ahould  he 
iiisensibJe. 

la  hii  later  years  Tycho  Brahe  had  Kepler  for  a  disciple  and 
atsistaut.  He  was  burn  in  I57li  at  Viel,  in  ibe  duchy  of  Wirtem- 
berg,  and  was  one  of  those  extraordinary  men  whom  nature  grants 
DOW  aad  tbeo  to  the  sciences,  to  bring  to  light  those  great  theories 
which  have  been  prepared  by  the  labour  of  many  centuries, 

The  career  of  the  sciences  did  not  appear  to  him  proper  to 
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h  iW  mbitioa  he  felt  of  rendering  himtelf  illustriooi ;  bnt  the 
of  ills  geniusy  and  the  exhortations  of  MaestUnus,  led 
fo  astronomy :  and  he  entered  into  the  pursuit  with  all  the 
activity  of  a  miud  passionately  desirous  of  glory. 

Hie  philosopher,  endowed  with  a  lively  imagination,  and  impa- 
tient to  know  the  causes  of  the  phsenomeua  which  he  sees,  often 
obtahis  a  glimpse  of  it,  before  observation  can  conduct  him  to  it 
Doubtless  he  might,  with  greater  certainty,  ascertain  the  cause  from 
the  phenomena ;  but  the  history  of  science  proves  to  us,  that  this 
slow  progress  has  not  always  been  that  of  inventors. 

What  rocks  has  he  to  fear,  who  takes  his  imagination  for  his 
guide! 

Prepossessed  with  the  cause  which  it  presents  to  him,  instead  of 
n*iecting  it  when  contradicted  by  facts,  he  alters  the  facts  to  make 
them  agree  with  his  hypothesis;  he  mutilates,  if  I  may  be  allowed 
the  expression,  tlie  work  of  nature,  to  make  it  resemble  that  of  his 
imaginatiou,  without  reflecting  that  time  destroys  with  one  hand 
these  vain  phantoms,  and  with  the  other  confirms  the  results  of  cal- 
culation and  experience. 

The  philosopher  who  is  really  useful  to  the  cause  of  science,  is 
he,  who,  uniting  to  a  fertile  imagination,  a  rigid  severity  m  investi- 
gation and  observation,  is  at  once  tormented  by  the  desire  of  ascer- 
taining the  cause  of  the  pharoomena,  and  by  the  fear  of  deceiving 
himself  in  that  which  he  assigns. 

Kepler  owed  the  first  of  these  advantages  to  nature,  and  the  se- 
cond to  Tycho  Brahe.  This  great  observer,  whom  he  went  to  see 
at  Prague,  and  who  had  discovered  the  genius  of  Kepler,  in  his 
earliest  works,  notwithstanding  the  mysterious  analogies  of  numbers 
and  figures  with  wliich  it  vras  filled,  exhorted  him  to  devote  his 
time  to  observation,  and  procured  him  the  title  of  Imperial  mathe- 
ninlieian. 

The  death  of  Tycho,  which  happened  a  few  years  afterwards,  put 
Kepler  in  possession  of  his  valuable  collection  of  observations,  of 
which  he  made  a  most  noble  use,  founding  on  them  three  of  the 
iiKMt  im|x>rtant  discoveries  that  have  been  made  in  natural  philo- 
sophy. 

It  was  an  opposition  of  Mars  which  determined  KetpHer  to  employ 
iumieir  on  the  motions  of  this  planet,  rather  than  on  any  other. 
His  clioiee  wu  fortunate  m  this  respect,  that  the  orbit  of  Mars, 
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beiug  one  of  ibc  raosl  ecceu(ric  of  ihe  planetary  sj'siem,  tbe  inei]ua- 
lilie*  of  hb  motion  are  more  perceptible,  and  Ihtiffon  lead  to  tbe 
dijcaver;  of  ibeir  laws  with  greater  facililv  and  precision.  Tliougli 
ibe  theory  of  the  motion  of  tlie  eaith  liad  made  Ibe  greater  part  of 
those  circles  with  which  Ptolemy  had  embarrassed  astronomy  dis- 
appear, ycl  Copernicus  bad  subsliluted  many  others  to  explain  the 
real  inequalities  of  the  celestial  bodies. 

Kepler,  <leceived  like  him,  by  the  opinion  that  their  motions 
nugtil  to  be  circular  and  uniform,  tried  a  long  time  to  represent 
ihoie  of  Mar$  in  (his  hypothesis.  Finally,  aller  a  great  number  of 
tiiilt.  «hicb  he  has  related  in  detail  in  bis  famous  work  called 
SbUtt  AtdrHf,  he  overcame  tbe  obstacle,  which  an  error,  sujiporled 
by  tlie  Miffrsgc  of  every  period,  had  opposed  to  him  ;  he  discovered 
ibal  llie  orbit  of  Man  isau  ellipse,  of  which  the  sun  occupies  one 
of  Ibe  foci,  and  that  tbe  motiou  of  tlie  planet  is  such,  that  the  radius 
Teclor,  diawu  from  its  centre  to  that  of  the  sun,  describi.'S  equal  area% 
ia  equal  timci.  Kepler  extended  these  results  toull  the  planets,  and 
publiiltcd  from  ibis  theory,  in  H>26,  the  Rudolpliine  tables,  for  ever 
Biemarable  iu  astrouoiny,  as  beiug  ibe  first  founded  on  the  true  laws 
of  Ibe  planetary  motions. 

Witboul  l)»e  speculations  of  ihe  Greeks,  on  Ihe  curves  formed 
from  the  section  of  a  coue  by  a  plane,  these  beautiful  laws  might 
bate  been  still  unknown.  The  ellipse  being  oue  of  these  curves,  its  ob- 
long figure  gave  rise,  iu  the  mind  of  Kepler,  to  Ihe  idea  of  supposing 
the  pUnet  Mars,  whose  orbit  he  had  discovered  to  be  oval,  to  move 
on  it :  and  soou,  by  means  of  the  numerous  properties  which  the 
ancktil  geomctriciiitis  had  found  in  Ihe  con:-:;  sections,  be  became 
coaviDccd  of  tbe  truth  of  this  hypothesis.  The  history  of  the 
tcieoca  ofiers  us  many  examples  of  these  applications  of  pure  geo- 
metry, and  of  its  advantages ;  for  every  thing  is  connected  in  the 
imiDeosc  chain  of  Irulbs,  and  often  a  single  observation  has  been 
lulGcient  to  show  tbe  connection  between  a  proposition  apparently 
tbe  most  sterile,  and  the  phxnomeoa  of  nature,  which  are  only  ma> 
tbrmalic&l  results  of  general  laws. 

Tbe  perception  of  this  Irulh  probably  gave  birth  to  the  inyste* 
rious  aoalogies  of  the  Pythagorisls:  they  had  seduced  Kepler,  and 
be  owed  lo  tbetn  one  of  his  most  beautiful  dLscoveries,  Persuaded 
Utit  the  nieao  distances  of  the  planets  from  tbe  sun,  ought  to  be  re- 
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gulated  conformably  to  these  analogies^  he  compared  them  a  long 
time,  both  with  the  regular  geometrical  solids,  and  with  the  inter- 
vals of  tones.  At  length,  after  seventeen  years  of  meditations  and 
calctilatioUy  conceiving  the  idea  of  comj>ariug  the  powers  of  the 
numbers  which  expressed  them,  he  found  that  the  squares  of  the 
times  of  the  planetary  revolutions,  are  to  each  other  as  the  cubes 
of  the  major  axes  of  their  orbits;  a  most  important  law,  and  which 
he  had  the  advantage  of  observing  in  the  sjstem  of  the  satellites  of 
Jupiterj  and  which  extends  to  the  systems  of  all  the  satellites. 

We  m^ht  be  astonished  that  Kepler  should  not  have  applied  the 
general  laws  of  elliptic  motion  to  comets.  But,  misled  by  an  ardent 
imagination,  he  lost  the  clue  of  the  analogy,  which  should  have  con- 
ducted him  to  thb  great  discovery.  The  comets,  according  to  him, 
being  only  meteors  engendered  in  ether,  he  neglected  to  study 
their  motions,  and  thus  stopped  in  the  middle  of  the  career  which 
was  open  to  him,  abandoning  to  his  successors  a  part  of  the  glory 
which  he  might  yet  have  acquired.  In  his  time,  the  world  had  just 
begun  to  get  a  glimpse  of  the  proper  method  of  proceeding  m  the 
search  of  truth,  at  which  genius  only  arrived  by  instinct,  frequently 
connectbg  errors  with  its  discoveries.  Instead  of  passing  slowly 
through  a  succession  of  inductions,  from  insulated  phenomena,  to 
others  more  extended,  and  firom  these  to  the  general  laws  of  nature  | 
it  was  more  easy  and  more  agreeable  to  subject  all  the  phsenomena 
to  the  relations  of  convenience  and  harmony,  which  the  imaginatioii 
could  create  and  modify  at  pleasure. 

Thusj  Kepler  explained  the  disposition  of  the  solar  system,  by 
the  laws  of  musical  harmony.  We  behold  him  even  in  hu  latest 
works,  amusing  himself  with  these  chimerical  speculations,  even  so 
far  as  to  regard  them  %a  the  ^  Hfe  and  louT  of  astronomy.  He 
has  deduced  from  them  the  eccentricity  of  the  terrestrial  orbit,  the 
density  of  the  sun,  its  parallax,  and  other  results ;  the  inaccuracy 
of  which,  now  discovered,  u  a  proof  of  the  errors  to  which  we  ex- 
pose ourselves,  in  deviating  from  the  rout  traced  by  observation. 

After  having  destroyed  the  epicycles  which  Copernicus  had  pre- 
served ;  after  havmg  determined  the  curve  which  the  planets  de- 
scribe round  the  sun,  and  discovered  the  laws  of  their  motion; 
Kepler  approached  too  near  to  the  principle  from  which  these  laws 
were  derived,  not  to  anticipate  it.    Attempts  to  discover  thb  prin* 
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dplc  often  gitWMtd  bn  active  imagiuuioii ;  but  the  noneal  w» 
not  }«t  srmnl  tomakelhis  Issl  step,  wbiefa  drmaiMW  a  tnoie pro- 
found koowlfdge  of  mechanics,  and  aiiiore perfect  stale  of  gpomcirf. 
However,  amidtt  tiic  fruitless  liiaU  of  Kepler,  and  his  iiumeroui 
erTDtii  the  coDOection  offsets  conducted  him  to  correct  opinions  on 
■bit  sabjcci,  in  ibe  woib  in  vblcL  be  publislied  hb  ptiocipal  disco- 

"  Gnwrty,'  he  mvs  in  his  Ccmmenlarj  oa  Man,  "  b  only  a  mu- 
"  tsal  and  coipoieal  affection  between  Mmilar  bodies.  Heavj 
"  bodies  do  not  lend  to  the  centre  of  the  notld,  but  lo  that  of  tlie 
"  ronad  body,  of  which  ihey  fonn  a  part ;  and  il  the  eatlli  Mere 
"  HOC  ifjbencal,  heavy  bodies  would  not  fall  towards  ita  ceulre,  but 
"  towards  diSerent  points." 

If  tbe  moon  and  earth  vere  not  retained  at  their  respective  dis- 
taiieci,  ihej  would  fall  upon  each  other,  the  moon  passing  through 
to  14  of  the  distance,  and  the  earth  passing  through  the  remoinder, 
■apposing  ibem  equally  dense.  He  believed  also,  tliat  the  attrac- 
tion of  the  moon  was  the  cause  of  the  tides,  and  he  suspected,  that 
the  irreifntarities  of  llie  lunar  nmlion  were  produced  by  the  com- 
bioed  action*  of  the  sun  and  eattli  on  the  moon. 

AiUooomjr  owes  lo  Kepler  many  other  useful  discoveries.  His 
work  on  optics  is  full  of  new  and  iuleresting  matter ;  he  there 
eiplains  the  toechanism  of  vision,  which  was  unknown  before  him. 
HcaMigDed  the  true  causeof  thefumiff'cce'K^r^eof  themoon;  but  he 
gave  the  honour  of  this  discovery  to  his  master,  Macsllinus,  entitled 
lo  notice  from  this  discovery,  and  front  having  recalled  Kepler  to 
uttoDomy,  and  converted  Galileo  to  the  system  of  Copernicus. 

Finally.  Kepler,  in  his  work  entitled,  Slereomelria  Daliorum, 
ha*  ptcMBted  some  conceptions  on  affinity,  which  influenced  the 
rwoluiioB  cipoieuced  by  geometry  towards  the  end  of  the  last 
century. 

Wilfa  so  many  claims  lo  admiration,  this  great  man  lived  in 
nusery,  while  judicial  astrology,  every  where  honoured,  was  niag- 
luficcoUy  recompensed.  The  aslronomen  of  his  time,  Descartes 
himself  and  Galileo,  who  might  have  derived  tbe  greatest  advau- 
lige  from  bis  discoveries,  do  not  ajipear  to  have  perceived  their 
importance. 

Fortunately  the  enjoyment  which  a  man  of  genius  receives  from 
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the  trnths  wkicli  he  disoovcn,  and  the  proepect  of  a  just  aad  giate* 
fill  poetcritjy  coofole  him  for  the  ingn^tude  of  his  oontempo- 
raries. 

Kepler  had  obtained  penaions  which  were  always  ill  paid :  going 
to  the  diet  of  Ratisbon  to  solicit  hu  arrears,  he  died  in  that  city  the 
15th  of  November,  1690.  He  had  in  his  hitter  years  the  advantage 
of  seeing  the  discovery  of  logarithms,  and  making  oiie  of  theai. 
This  was  due  to  Napier,  a  Scottish  baron  ;  it  is  an  adauraMe  con- 
trivance, an  improvement  on  the  ingenious  algorithm  of  the  Indians^ 
and  which,  by  reducing  to  a  few  days  the  labor  of  many  months, 
we  may  almost  say  doubles  the  life  of  astronomers,  and  spares  them 
the  errors  and  disgusts  inseparable  from  long  calculations ;— an  in- 
vention so  much  the  more  gratifying  to  the  human  mmd,  as  it  is  en- 
tiitly  due  to  its  own  powers :  in  the  arts  man  makes  use  of  the 
■lateriab  and  forces  of  nature  to  increase  his  powers,  bnt  here  the 
whole  b  his  own  work. 

The  labours  of  Huygeos  followed  soon  after  those  of  Kepler  and 
Galileo.  Very  few  men  have  deserved  so  well  of  the  sciences,  by 
the  importance  and  sublimity  of  their  researches.  The  application 
of  the  pendulum  to  clocks  is  one  of  tlie  most  beautiful  aeqniaitions 
which  astronomy  and  geography  have  made,  and  to  which  Ibrtunate 
invention,  and  to  that  of  the  telescope,  the  theofy  and  practice  of 
which  Huygens  considerably  improved,  they  owe  their  rapid  pro- 
gress. 

He  discovered,  by  means  of  excellent  object-glasses  which  he 
sacoeeded  in  constroctmg,  that  the  singular  appearances  of  Saturn 
were  produced  by  a  very  thiu  ring,  with  vrhich  the  planet  is  sur- 
rounded :  his  assiduity  in  observbg  made  him  discover  one  of  the 
satellites  of  Saturn. 

He  made  numerous  discoveries  in  geometry  and  nwchanics :  and 
if  this  extraordinary  genius  had  conceived  the  idea  of  combining  his 
theorems  on  centrifugal  forces  with  hb  beautiful  investigation  on 
mvolutes,  and  with  the  laws  of  Kepler,  he  would  have  preceded 
Newton  in  hb  theory  of  curvilinear  motion,  and  in  that  of  nniverml 
gravitation.  But  it  b  not  in  such  approximations  that  discovery 
eonsiscs. 

Towards  the  same  time,  Hevelins  rendered  himself  useful  to 
astronomy,  by  his^  immense  labours.    Fewsnch  indeiat^Ue  ob* 
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wrvcn  bwc  nnlMl ;  it  ii  to  be  regretted  Uiat  be  woald  DOl  adopt 
the  appliralioa  of  telescopes  to  (|ua<lrant»,  an  invectioa  wbich  gate 
m  prr^inMi  prerioualy  unknown  to  astronomy. 

At  tbii  epoch  aslTononiy  receWeO  a  new  impulse  from  ibe  ettab* 
liiJuiwDt  of  leanied  societies. 

Nature  k  so  Tarious  in  ber  productions  and  phsnomena,  of  wbicb 
it  if  M  difiicoll  to  ascertain  the  cauies,  that  it  is  rec]uuiie  for  a 
{ml  number  of  men  to  unite  their  intellect  and  exertions  to  com- 
ptcbcul  and  develop  tier  laws.  This  union  is  particularly  requisite 
vbm  the  Kiences  in  extending  approximate,  and  reqoire  mutual 
wpport  from  eacli  other. 

It  u  tben,  tliat  the  natural  philosopher  has  recourse  to  geometry, 
to  arrive  at  the  general  causes  of  the  phieoomena  nhicli  be  observes, 
and  the  geometrician  iu  his  turn  ioicrrogates  the  pbilosoplier,  in 
Older  to  render  his  own  in  vest  i  gat  ion  useful,  bj  applying  them  to 
experience  ;  and  to  open  in  Ibe^  applications  a  new  road  iti  analysis. 
B«l  the  priacipal  advantage  of  learned  societies  is  the  pbilosopiiical 
feeling  oa  every  subject  which  is  introduced  into  titem,  and  from 
thence  diAnes  itself  over  the  Mhole  nation.  The  insulated  philoso- 
pher may  resign  himself  without  fear  to  tlie  spirit  of  system  ;  be  only 
hean  contradiction  at  a  distance  ;  but  in  a  loanted  society  the  shock 
of  systematic  opinions  at  Icoglh  destroys  them,  and  ibe  desire  of 
y  conTinchig  each  other  establishes  between  tlie  members  an 
It  only  to  admit  the  results  ot'obsemtion  and  CBlculaiion. 
Tbut  eapcriciicc  faas  proved  that  since  the  origin  of  these  eslablish- 
iiMfiis  true  philosophy  has  been  genenlly  extended. 

By  Mtting  tiie  example  of  submitting  every  opinion  to  the  test  of 
Bc*«n  wniliny,  Ifaey  have  destroyed  prejudices  which  had  so  long 
fespied  aaMog  the  sciences,  and  in  which  the  highest  intellects  of 
the  pRccdiig  ages  had  participated.  Tbeir  useful  influence  oa 
opinioit  accnnnlated  in  our  own  time,  with  an  enthusiasm  which  at 
olber  periods  would  have  perpetuated  tbeni.  Finally,  it  is  among 
ibem,  or  by  the  ettcouragemetrt  they  offer,  tiiat  (hose  grand  theories 
baw  been  famed  which  are  placed  above  lite  reach  of  tlie  vnl^r 
by  iheir  oonprcbensivenets  :  and  wbicb,  extending  Iltem«eKes  by 
their  mraieroas  occasions  in  which  they  are  applicable,  ■■>  nature 
■ad  lo  Ibe  arts,  are  ineibaustible  sources  of  delight  and  iDieltjgefH%. 

Of  all  Ibe  leanted  societies,  the  two  most  celebrated  for  the 
mabtt  and  importance  of  Ibeir  dbcorcries  in  ibe  raeiKc*,  and 
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pvticulariy  in  astroDomy,  are  the  Academy  of  Sdeoccs  in  Paris,  and 
the  Royal  Society  in  London. 

Tlie  first  was  created  m  1666,  hy  Lows  XIV.  who  foresaw  the 
lustre  which  the  arts  and  sciences  were  to  diffuse  over  his  r^n« 
This  monarchy  worthily  seconded  by  Colbert,  invited  many  learned 
strangers  to  fix  themselves  in  his  capital.  Huygens  availed  him* 
self  of  this  flattering  invitation;  he  published  his  admirable  worib 
De  Harolopo  oscUUUoriop  in  the  bosom  of  the  academy,  of  which  he 
was  one  of  the  first  members.  He  would  have  finished  his  dajrs  io 
France,  had  it  not  been  for  the  disastrous  edict  which,  towards  the 
end  of  the  last  century,  deprived  it  of  so  many  valuable  citiieos. 
Huygens,  departmg  firom  a  country  in  which  the  religion  of  his  an- 
cestors was  proscribed,  retired  to  the  Hague,  where  lie  was  boro 
the  I4th  of  April,  16?9,  and  died  there  the  15th  of  June,  iGffS. 

Dominic  Cassmi  was  likewise  induced  to  go  to  Pftris  by  the 
ofiers  of  Lonis  XIV.  Durmg  forty  yean  of  useful  labours,  he  eo* 
riched  astronomy  with  a  crowd  of  discoveries :  such  are  the  theory 
of  the  satellites  of  Jupiter,  the  motions  of  which  he  determined 
fkom  observations  of  their  edipses ;  the  discovery  of  the  four  satel- 
lites  of  Saturn;  those  of  the  rotation  of  Jupiter,  of  the  bells 
paiallel  to  his  equator,  of  the  rotation  of  Mars,  of  the  sodiacal 
light,  a  very  approximate  knowledge  of  the  Sun's  parallax,  a  very 
exact  table  of  refractions,  and,  above  all,  the  complete  theory  of 
the  libration  of  the  Moon. 

The  great  number  of  astronomical  academicians  of  extraordinary 
merit,  and  the  limits  of  this  historical  abridgment,  do  not  permit 
me  to  give  an  aooount  of  theur  kbors;  1  shall  content  myself  with 
observii^  that  the  application  of  the  telescope  to  the  quadrant,  the 
Inventioii  of  the  micrometer  and  heliometer,  the  sncoessive  propa- 
gation of  light,  the  magnitude  of  the  earth,  its  eliq>ticity,  and  the 
diminution  of  gravity  at  the  equator,  are  all  discoveries  due  to  the 
Academy  of  Sdenoes. 

Astronomy  does  not  owe  less  to  the  Royal  Society  of  London^ 
the  origin  of  which  is  a  few  years  anterior  to  that  of  the  Academy 
of  Sciences.  Among  the  astronomers  which  it  has  produced,  I 
shall  cite  Flamstead,  one  of  the  greatest  observers  that  have  ever 
appeared.  Halley,  rendered  illustrious  by  his  travels  undertaken 
for  the  advantage  of  science,  by  his  beautiful  investigation  oon« 
cenifflg  comets,  which  enabled  him  to  discover  the  return  of  the 
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comet  iu  Ijidl  >»<)  Ity  ■'■'  ingfriiioua  iJea  of  emplnying  ibe  Irauiit 
of  Venus  over  (he  Sun,  in  ihr  deleiminalion  of  \U  parallax.  I 
ahall  mcDltoD,  lastly,  Bradley,  tlie  model  for  obserr^n,  and  uba 
will  be  for  evrr  celebrated  for  two  of  llie  most  beautiful  diKuieriu 
ever  made  in  aitiononiy,  tiie  aberralioD  of  tlie  fixed  stars  aotl  tlie 
nulalton  of  the  atis  of  (he  earth. 

When  the  appliralion  of  thcpeiidulutn  to  clocks,  and  of  telescopes 
lo  quadrants,  had  rendered  the  sliglilest  change?  iii  ihe  jionilion  of 
the  celeitial  bodies  pcTceptilile  to  obsen'ers,  ihey  endeavoured  to 
dclcituine  (he  annual  parallax  of  the  fixed  stars;  for  it  was  natural 
toiuppose,  ibal  so  great  an  extent  as  llie  diameter  of  the  lerrestriul 
oibtt.  would  be  sensible  even  at  itie  distance  of  these  stars.  Ob> 
serving;  them  nrefulty,  at  every  season  of  lite  year,  there  appeared 
sli^l  vansiliatB ;  sotneliinss  favorable,  but  more  frequently  con- 
tnsnr  to  the  effects  of  par.illax.  To  dcleruiine  the  law  of  (hex 
rarBliocia,  an  tnslrunieut  of  great  radium,  and  divided  vtiih  extreme 
preciaioB.  nu  requbite.  The  arl'rst  hIio  executed  It,  deserves  la 
pviakc  of  the  glory  of  Ihe  astronomer  who  owed  his  discovery  lo 
hin.  Graliam,  a  f^tmous  Engli^li  watch -maker,  constmcled  a 
grmt  sector,  with  which  Bradley  discovered  the  aberralion  of  the 
6xed  itan.  in  the  year  17'27.  To  explain  it,  this  great  astronomer 
roDcieireH  llie  fotluuale  idea  of  combining  the  motion  of  ihe  earth 
Bitb  llut  of  light,  which  ttoemer  had  discovered  at  the  end  of  ihe 
last  century,  by  means  of  the  eclipses  of  Jupiter's  saleliiles.  We 
are  surprised  thai  none  of  Ihe  distinguished  philosophen  who  (hen 
existed,  and  who  knew  ihe  motioD  of  light,  should  have  paid  any 
allentioo  lo  the  very  simple  effects  which  result  from  it,  iu  the  ap- 
parent pMitioa  of  (be  fixed  stan.  Bui,  the  human  mind,  so  active 
in  the  foimalioa  of  systems,  has  almost  always  wailed  till  obietvalioa 
and  eipenEOcc  have  acquainted  it  with  important  truths,  whidi  iu 
powers  of  reasoning  alone  might  have  discovered. 

It  b  thus  that  the  invention  of  telescopes  has  followed  by  more 
than  three  centuries  thai  ol  leoses,  and  even  then  was  only  owing  to 

In  I7U,  Bradley  discovered  by  obserratioo,  the  nutation  of  ihe 
lencsirial  Mia.  lo  all  the  apparent  varialions  of  ihe  fixed  star?,  ob- 
KTved  with  extraordinary  care,  he  perceived  nothing  which  indi- 
cated a  perceptilile  paiallai.     'i'he  measures  of  the  degreei  of  Ihe 
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terrestrial  meridiin^  and  of  the  pendolam.  multiplied  in  diffnreot 
parts  of  the  globe,  of  which  France  gave  the  example,  by  meaannng 
the  whole  arc  of  the  meridian,  which  crosses  it,  and  by  aendii^ 
the  academician  to  tlie  north  and  to  the  equator,  to  obaenpe  the 
magnitude  of  these  degrees,  and  the  intensity  of  the  force  of  gfavity. 
The  arc  of  the  meridian,  comprised  between  Dunkirk  and  Barcekma, 
determined  by  very  precise  obserfations,  and  forming  the  base  of 
the  most  natural  and  simple  system  of  measures;  the  voyages 
undertaken  to  observe  the  two  transits  of  Venus  over  the  Snn*s  disk, 
in  1761  and  1769,  and  the  exact  knowledge  of  the  dhnensions  of  the 
solar  system,  which  has  been  derived  from  these  voyages ;  the  inven- 
tion of  achromatic  telescopes,  of  chronometers,  of  the  sextant  and 
repeating  circle,  the  discovery  of  the  planet  Uranus,  by  Herschel, 
in  1781 ;  that  of  its  satellites,  and  of  two  new  satellites  of  Saturn, 
due  to  the  same  observer,  all  the  astronomical  theories  being  brought 
to  perfection,  and  all  the  celestial  phssnoroena,  without  exception, 
being  referred  to  the  principle  of  universal  gravitation :— these,  with 
the  discoveries  of  Bradley,  are  the  principal  obligations  whidi  astro* 
nomy  owes  to  England,  which,  with  the  preceding,  will  always  be 
considered  as  constituting  the  most  glorious  epoch  of  the  science. 

[La  Place,  Exposition  du  Systtoie  do  Monde.] 


CHAPTER  IV. 

GENERAL  NOTICES  ON  ASTBONOMT 

X  o  the  preceding  observations  of  La  Place,  the  Editor  of  the 
present  work  has  thought  right  to  subjoin  the  following  singular 
or  learned  opinions  of  several  of  the  most  esteemed  writers  on  the 
subject. 

Professor  Playiair,  in  an  article  inserted  in  the  Edinburgh  Philoso- 
phical Transactions,  supports  the  very  high  pretensions  of  the  Bra- 
mins  to  Astronomy,  and  conceives  that  they  are  in  possession  of 
IMmie  observations  not  less  than  five  thousand  years  old.  Mr.  Cos- 
tard, in  a  paper  on  the  Chinese  Chronology  and  Astronomy,  print- 


irranged  by  Cliiron 
D  tlie  niitldle  of  the 


ASTSOKOMICAL    NOTICES. 

tA  in  lli«  TraiMKtiona  of  ihe  Roj-al  Society  for  1747,  and  Ur. 
Bentlcy,  in  Vol.VI,  of  Ihe  Asiatic  Res«an:be«,  ofier  cogent  arguoMab 
■gaiii^t  any  soch  antiquity  of  Ait/ouomical  kimwIcHgc  in  the  K»n  : 
the  hller  indeed  goes  so  far  as  to  make  the  principal  labia  of  the 
Bmnmi,  wliicb  tbey  call  Surya  Siddfianta,  iwt  more  Ibaa  about  733 
ynn  old. 

Newtoo  Ibtoki  that  tlie  const ellaljont  wei 
•lien  Ihe  wUlllial  and  equinodial  points  wet 
mpecli**  COflslcllaltoiM.     PhU.  Trans,  for  1725. 

Mr.  Wall,  m  a  paper  on  astroframkal  lymboh,  printed  in  the 
Msodirstci  Memoir,  Vol.  I.  243,  derivts  5  (Mercury),  frora  tlie 
cadiwnp:  9  (Veoiu),  froni  the  gulrum  ;  ^(Mars)* '^rom  tlie  ^ield 
and  sptmt;  ^(Jupitn)>  from  Jr.  Ihe  contt^clion  or  fitjl  and  la»t 
lellCTi  of  ibe  woid :  Ip(Saluni),  from  Ihe  sickle.  FrtKb,  however, 
drrives  U  friNii  lighloing  with  the  e«gle. 

Alciandre  awl  Baliaoi  thought  the  Earth  revolved  arogod  llte^ 
Moon.     Alatiem. 

In  Uw  account  of  Gail's  Memoir  on  8ynevui'i  A-Mrolabe,  Maps 
■T<  atlhbaled  to  AiuuimaoUer  6(iO  years  before  Christ.  M.  Intl. 
V.3*. 

According  to  nularch,  Heraclitks  and  ErpLanliu  atlribuled  to 
Ibe  Eailh  a  dhinal  motion  only. 

AilroBoiny  waainlrodoced  into  Spain  iiy  the  Mooraio  ]201. 

TW  MeaiouM  when  diKovercd  by  the  Spaniards  had  year*  o(365 
days,  and  added  13  days  at  the  end  of  every  period  of  53  jun. 
Bafiam   YaMigt  A'of.  /'AW.—Editor. 
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XniAFTER  V. 

THECBLBSTIALWORLDDISCOVERED^  OB, CONJECTURES 

CONCERNING  THE  INHABITANTS,  PLANTS,  AND  PBO* 

SUCTIONS,  OF  THE  WOBLD  IN  THE  PLANETS; 

Written  in  Latin  by  CanirnAirvt  Hutgkitb^  and  inscribed  to  Ui  broCher 
CovrrAir'nirB  HoTGBiiiy  late  Secretary  to  liia  Ifi^esly  King  Williaai.  8v«. 
with  ive  cvti  of  lUnrtration. 

1  HE  ingenious  author  of  this  diKoune,  having  spent  much  tiaMf, 
and  taken  great  pains  in  making  celestial  obsenrations  and  disooTO> 
ries  by  telescopes  of  the  laigest  sises,  and  other  instruments,  and 
having  moreover  acquainted  himself  with  the  latest  and  best  obser- 
vations and  discoveries  made  by  other  modem  Astronomers;  and 
havbg  well  weighed  and  considered  the  import  and  significancy  of 
them,  comes  in  this  book  to  acquaint  his  brotlier  the  heer  Constan- 
tine  Huygens,  (who  was  also  a  great  lover  of  these  inquiries,  and 
who  was  the  person  that  furnished  him  with  the  eioellent  telescopes 
he  made  use  of,  wrought  with  hb  owa  hand,  wherein  he  had  for  his 
diversion  acquired  an  extraordinary  art  and  dexterity,  unknown  to  any 
besideshimself)  and  by  the  publioition  of  it,  if  be  thought  fit  likewise 
to  acquabt  the  learned  world,  what  upon  the  result  of  all,  his  o|m- 
nion  and  belief  was  concerning  the  form,  structure,  and  fabrick  of 
the  universe,  or  the  whole  visible  world,  and  the  reasons  and  argu* 
meats  that  induced  him  thereunto,  which  he  hopes  may  seem 
reasonable  enough  to  men  skilled  in  geometrical,  and  astromical  S€i* 
ences;  such  as  he  wishes  his  readers  may  be.  But  because  he  was 
well  aware  that  many  of  them  might  be  persons  of  differing  qualifi- 
cations,  and  such  as  could  not,  or  would  not  understand  the  cogency 
of  them,  or  from  prepossession  would  endeavour  to  carp  at,  and 
make  arguments  against  the  whole  doctrine  there  delivered,  there- 
fore he  endeavours  to  enumerate  and  obviate  such  as  are  most  likely 
to  be  produced  for  that  end.  The  first  of  which  he  conceives,  may 
be  of  such  as  are  ignorant  of  mathematical  knowledge,  who  will  be 
apt  to  represent  it  as  a  whimsey  only  of  a  disturbed  brain^  they 
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Drinknig  h  impouible  to  measure,  or  any  wise  lo  be  awertaidccl  of 
the  nwgnttudes  and  distances  of  the  celestnl  bodies;  aiid  as  to  the 
earlli's  molioas  the}!  look  on  ibein  as  lictions,  and  not  capable  of 
being  proved :  to  such  he  aoswen,  that  he  doei  not  assert  those 
thtOEsasabMlulely  demonstrated  but  rather  as  probable  conjeclurei, 
and  that  he  leaves  every  one  free  tn  judge  of  them  as  they  please. 
And  to  such  as  may  think  them  useless,  since  they  are  only  conjec- 
tural, he  answers,  upon  Ihs  same  account,  all  other  physical  know> 
Intge  may  be  rejected,  since  thai  also  for  the  most  part  is  but  con> 
jtclunti  -,  and  yet  we  know  the  studies  of  those  <hnigs  are  very  coui- 
mcndable,  and  afford  great  pleasure,  satisftiction,  and  benefit,  even 
lo  snck  as  lliink  (hem  con  trad  k  lory  to  holy  writ,  to  suppose  other 
worJdi,  or  animaU  iheu  those  of  the  earth  ;  because  such  are  not 
meoItoue<l  m  the  history  of  the  creation.  He  thinks  tJiete  has  been 
enough  said  to  shew  that  the  description  of  the  creation  in  the 
Bible,  was  only  with  relation  to  the  earth,  and  not  at  all  with  res. 
pect  to  the  other  parts  of  tiie  world,  (hen  what  where  here  viiible ; 
nor  can  it  be  dctriroenlal  lo  religion,  hut  will  be  rather,  as  he  con- 
ceives, a  meant  to  make  men  have  a  lesser  esleem  of  these  earthly 
thing*,  since  they  are  but  small,  with  respect  to  the  other  world, 
and  to  have  a  greater  veneration  and  adoration  of  that  wonderful 
wisdotn  and  providence  whicli  is  universally  dbplayed  through  the 
whole  fabrick  of  the  universe.  As  lo  the  form  and  disposition  of  the 
whole,  sod  of  llie  partt  of  this  universe,  he  agrees  with  the  system 
of  Copernicua:  for  the  belter  explication  of  which  he  halh  added  two 
figuns,  ibe  first  of  which  shows  tlieir  order  and  positions,  and  the 
Meoad  ibeir  comparative  magnitudes.  And  because  by  reason  of 
llie  raalliieu  of  these  figures,  the  true  proportions  could  not  be 
sufficiently  eiprest,lie  has  added  a  particular  eiptication.eapressing 
in  numbcn,  the  distances  of  their  orbs  from  the  sun  in  tlie  center, 
and  the  limes  of  iheir  periods  in  them:  next  of  their  particular 
magnitudes  and  so  of  their  proportions  to  each  other,  and  to  the 
body  of  the  tun.  And  since  it  hereby  appears  that  the  earth  is 
moved  about  (Iw  inn,  as  well  as  the  other  planets,  (which  all  the  best 
of  the  modem  astronomers  do  now  believe,  and  none  but  such  as 
are  of  a  more  dolt  apprehension,  or  are  olherwise  over  powered  by 
tbcir  loperiors.  do  deny,  or  make  any  scruple  positively  to  assert) 
ami  Uml  thoae  planets  are  enlightened  by  llie  sun  in  the  tame  man- 
na ti  ibe  cutb  if,  and  some  of  them,  as  (^  and  2(  •  bave  their  own 
D  3 
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mooas,  or  aecondaiy  planets  movuig  about  then,  sooietimes  ecfipa* 
iBg  them,  aad  eclipsed  Uy  tbem,  as  the  earth  abo  is  by.  its  biooi^ 
and  that  some  of  then  are  much  bigger^  as  well  as  some  otbeia 
snaller  than  the  earth  ;  and  so  that  the  magnitudes  are  sot  piopof 
tiooed,  either  according  to  their  order  or  Iheir  distance ;  since  also 
thty  are  obserfed  to  have  the  sane  kinds  of  motion,  both  aana^ 
and  dforoal,  therefore  he  thinks  it  very  probable  that  they  do  se* 
senble  the  earth  also  in  other  qmlifications ;  for  that  we  have  so 
atgonieiit  to  the  contrary  why  they  should  not,  nor  is  this  way  of 
veasoohig  from  the  agreement  in  seeae  to  a  like  agieeneni  of  e4hcf 
precarious,  siuce  it  b  the  most  usual  method  of  discovering  the  in* 
seusibte  parts  of  the  world,  by  their  siatthtude  to  the  more  imtiblew 
as  in  anatomy  we  judge  of  the^parts  of  a  creature,  by  the  siraiJi^ 
tode  we  find  they  have  to  the  ports  of  some  other  before  kaowo*. 
From  ihiB  topk  therefore  he  thmks  we  may  safely  conclude  that  the 
other  pknets  have  solid  bodies,  and  gravity  towards  theur  eentema 
as  the  earth  hath  nnoe,  we  find  then  to  have  the  sane  figure*  and 
tim  sane  motions,  and  the  same  cooconitattts,  and  that  they  buvo 
alHmspheres  and  air,  and  water,  &c    And  sisce  it  would  be  to» 
great  a  depretiating  of  then>  and  a  loo  nucb  overvahiing  of  tho 
earth,  to  suppose  tlwm  not  to  be  likewise  adorned  with  the  moio 
admirable  productions  and  fiibricks  of  fdants^  and  ammab^  wbieli 
more  evideotly  mmitfest  the  wisdom  and  design  of  the  divtne  archU 
tect,  which  we  find  the  earth  to  be  enriched  and  beautifitd  withw 
But  to  suppose  them  only  lilelen  lumps  of  matter,,  as  earth,  water, 
he. ;  or  vast  deserts,  Iwrreu  mountains,  rocks,  &C    This  be  says 
would  sink  them  too  nouch  bebw  the  earth  n  beauty  and  dignity^ 
which  this  method  of  reasoning  will  in  no  wise  permit.    He  conceives 
therefore  we  must  suppose  and  believe  them  to  have  animals  as  w^| 
as  the  earth  i  and  so  of  necessity  phuits  for  their  aeusishmenl.  And 
these  possibly  not  ranch  different  from  those  we  have,  both  as  tw 
yieir  outward  form,  and  as  to  their  ntenni  structure,  and  as  to  theiv 
method  of  production,  or  propagation,  awd  their  increase  or  growth. 
And  that  if  there  be  any  di^rence,  most  probably  it  must  arise 
from  the  differing  distances  of  those  globes  from  the  sun,  which  is 
more  likely  to  affect  the  matter  than  the  form*    Whewfeue  tboogii 
we  cannot  be  ascertained  what  these  differewees  are,  yet  we  may 
reasonably  conclude,  that  they  are  composed  of  solids  and  iulds ; 
Ibr  that  the  production  9nd  uutritionof  these  animals  most  be  nado 
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b«  Baid*:  Mul  ibenoe  also  thiit  tbe  purls  of  ilitrm  for  motion  must 
beiomewhalliketboM  of  terre9lri»UntmaU:  whether  beasti,  fUhec, 
biril*,   or  nuccts.   ihal  n,    they  must  bave  leg^,   finiis,   wiiig^,  ScCt 
Thougli  aut  eiadl;  the   same  with  ours,  since  the  fluids  may  be 
more  Tiuioiu,  at  to  their  number,  and  as  to  tbeir  density,  and  m 
to  itwir  rarefaction  and  coaglacialion,   some  of  tliese   globes  being   • 
nucb  fnrllier  off,  and  somewhat  nearer  to  the  sun,  and  irs  powerfol  * 
njt.     Atxl  so  the  fluids  of  ^  and  U  may  not  be  so  apt  to  be  fro<  1 
ma,  mot  those  of  9  *"('   $  .  to  be  laritied  into  vapours,  neither  ot^ 
whidi  wwdd  destroy  the  form  and  u»e  of  water  for  the  vegctatioii  / 
fff  pfatitt- 

Aiid  bManse  tboogh  we  should  allow  these  globes,  these  oma*  ^ 
nieuti  and  furniture,  yet  though  we   sup]iose  them  deprived  of  th«  1 
{■riKipal    production  and  master-piece  of  all,   and   for  whose  u 
asd  bcndil  all  the  rest  seem  to  be  made,  we  should  loo  much  exatt 
and  awT-raJue  this  globe  of  the  earth,  and  too  much  depreciate  at! 
liw  otlKi.     Therefore  he  thinks  we  must  suppose  them  to  have  n*  - 
tia>MlHnAlsabo,and  that  those  have  all  those  senses,  and  other  >^ 
atttamry  ocgani  for   reasoning  (bat  men  have  here,  aud  that  thtf  ^ 
do  Mt  Ibcfli,  and  have  procured  thereby  the  same  advantages,  and  -i 
inyrevcmmt  of  that  faculty,  thai  in  the  like  cases  men  Itavc  doirf 
brre  upiu  liie  earth.     And  since  we  find   that  fire  in  many  cases  is 
ofgreal  ttse,  be  thinks  that  we  must  suppose  it  common  to  all  (he 
oiber  globes  abo.     But  to  judge  of  the  magnitade,  or  exact  shape 
«d  bodies  in  the  ollter  planets,  by  the  magnitude  of 


ofihM 


tboae  i^Mtn,  be  tbinks  we  have  no  mediu 
^mI  tbtl  mlw*  does  not  restrain  itself  to  such  rules  of  measure  as 
»gbl  M«m  tbc  best  to  us.  Bui  since  the  principal  use  of  reason, 
wlucb  be  anpposea  to  be  the  same  as  here  seems  lo  be  for  the  con- 
icmfilMion  of  the  works  of  the  Creator,  and  the  improvemeal  of 
Art*  sod  sneoMt,  he  conceives  that  those  inliabilanis  do  not  only 
CQBlrafilale  and  observe  ibe  stars,  but  that  ibey  have  also  made  an 
«lj,  and  cultivated  such  arts  as  conduce  thereunto  ;  as  ihose 
ti  geometry,  arillimelic,  optics,  &c.  atid  that  of  writing,  by  which 
Iba;  flMy  refbter  their  observations  to  tbeir  posterity.  And  thence 
W  coocfaidei  tbcy  must  have  hands  and  legs,  or  such  like  limbs,  and 
ancfKt  b«,  by  which  (he>  may  be  enabled  lo  perform  such  actions 
aa  are  mtttK^ry  for  those  purposes,  and  in  general  he  thinks  it  pro. 
B  tfaat  Ihijr  may  have  many  arts  and  sciences,  ilie  laiue  with 
D4 
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livening  pf  the  pnrts  of  tbe  other  planett.  And  as  for  the  fiied 
Stan,  he  conceives  them  to  be  so  many  suns,  and  to  be  dispersed 
in  the  vast  expansum  of  heaven,  at  vanoos  distances,  and  each  of 
ttem  to  have  a  proper  system,  and  planets  moved  about  thenu 
And  though  it  be  impossible  for  os  ever  to  see  those  pUmets,  by 
leason  of  thehr  vast  distance,  yet  from  the  analogy  that  is  between 
the  son  and  stars,  we  may  jadge  of  tbe  phmetary  systems  about 
them,  and  of  the  planets  themselves  too,  which  probably  are  like 
the  planetary  bodies  about  the  sun,  (that  is)  that  they  liave  plants 
mKlanimals,  nay,  and  rational  ones  too,  as  great  admirers  and 
observers  of  the  heavens  as  any  cm  the  eartlu  This  represents  ta 
■s  a  wottderM  scheme  of  the  prodigious  vastness  of  the  heavens; 
so  that  tbe  distance  between  the  earth  and  tbe  sun,  though  of  17 
■liUioas  of  Gtrnuat  miles,  is  ahnost  nothing  to  the  distance  of  a 
fiitd  slar«  And  because  of  the  difficulty  in  making  observations  for 
Ibis  purpose,  in  the  common  ways,  he  therefore  proposes  a  new 
method  of  Im  own  for  this  purpose,  which  be  also  explams,  and 
by  that  one  may  the  better  conceive  the  vastness  of  tbe  distance  of 
oae  of  the  nearest,  as  for  instance,  from  the  sun ;  which  by  tbia 
way  be  proves  to  be  Of/, 664  times  the  distance  of  the  sun  frun  the 
earth;  and  to  make  tbb  diitaace  yet  more  comprehensible^  ho 
makes  use  of  the  former  eudicatioii,  by  the  time  that  a  caimon* 
bnUet  moved  as  swift,  as  hath  been  just  now  ezpfauned.  Where* 
fow  multiplying  37664  by  95,  he  finds  that  a  cannon-bullet,  mov« 
kiig  a  hundred  fathom  in  a  second,  would  be  700,000  years  m  its 
journey  betwixt  us  and  the  fixed  stars;  here  by  the  way  be  makes 
some  reflections  on  Dei  CmrUsa*s  yirtices,  and  explains  his  own 
sentiments  concerung  the  present  state  of  the  unhrerse,  nor  will  ho 
trouble  his  mind  about  their  begmning,  or  how  made^  as  knowing 
it  to  be  out  of  the  reach  of  human  knowledge  or  ooiyecture. 

Upon  the  whole  matter  you  will  here  find  tbe  ingemous  author's 
opbion,  concerning  the  universe,  with  all  the  arguments  for  it, 
drawn  from  the  most  accurate  observations  that  have  been  hitherto 
made  that  are  pertinent  thereunto.  The  only  fiulure  seems  to 
some  to  be  in  his  opinion  concembg  the  moon  and  secondary 
planets.  Upon  which  subject  there  may  perhaps  be  shortly  pob« 
lished  a  brief  discourse  of  one  who  is  of  a  somewhat  dKffisring 
sentiment. 

[From  (he  iraMslaiwn  adapted  hf  ike  Royal  Sodetg^  1099 1 
and  printed  in  the  PhiL  Trans,  for  the  same  year.] 


CHAPTER  VI. 


AND  CONSTRUCTION  OF  TH 
FIXED  STABS. 


Among  Uk  celestial  bodies,  ibe  sod  is  certainly  the  firal  wkici^l 
»houlJ  allrsct  our  notice.     It  is  a  fountain  of  light  Ibal  itluminatet  { 
the  world!  it  is  the  came  of  Ibal  beat  whicb  mainuins  tbe  pro-  i 
diiclive  poH-cr  of  nature,  and  makes  llie  eartb  a  til  babilaliou  foa  'j 
man  I  it  H  Die  central  body  of  ibe  planetary  system;  and    what  J 
rcndrna  Lnowlcdge  of  itn  nature  still  more  ioteresting  tons  is,  tbal 
Ibe  tiitnibetless  stars  whicb  compose  the  miiverse,  appear,  by  tiM 
siriclest  analogy,  lo  be  stuiibr  bmlies.     Their  innale  light  is  so  in* 
'eiM«,  iliai  it  reaches  the  eye  of  ihe  observer  from  Ibe  remotest  re- 
giuu  of  ipacv,  anti  forcibly  claims  his  notice.     Now.  if  we  ai« 
connuiced  that  oil  iiii|uiry  into  llie  iialure  and  properties  of  the  suq 
Is  itigiitf  woriby  of  oiu  natice,  we  may  also  with  great  satisfactloa 
ndtct  oa  the  couiderable  progress  ihat  htts  already  been  made  is 
our  koowledge  of  ibis  eminent  bmly.     ll  would  re<|uire  a  long  de* 
tdU  lo  coimmte  all  llie  various  discoveries  which  have  been  mads 
«u  this  subject ;  I  shall  therefore  content  myself  with  giving  only  th« 
uiuil  remarkable  of  ihem. 

^■r  Isaac  Newton  has  shown  Ibal  the  snn,  by  its  attractive  power. 
ieiMi»  llie  plasets  of  our  system  in  their  orbits.  He  lias  also 
p<HiM«d  out  Use  method  by  which  the  quantity  of  matter  it  contiuu 
Hwy  be  accurately  determined.  Dr.  Bradley  has  assigned  the 
luiily  of  tbe  solar  light  with  a  degree  of  precision  exceeding  ouk 
v'lnost  npeclatios.  Galileo.  .Scheiner.  hcvelius,  Casiiui,  and 
mtlitn,  lav*  wccrlaiaed  tiie  rotation  of  llie  sun  on  its  axis,  and  de. 
leriuiurd  Ibe  position  of  its  etgualor.  By  means  of  the  transit  of 
Venn*  ever  Ihe  *t»'>  disc,  mathriRaticiaas  have  calculated  its  dis- 
kucc  from  Ibe  earth:  its  real  diameter  and  magnitude ;  the  dca- 
»<i  of  Ibe  matter  of  which  it  is  composed:  and  ibe  fall  of  heavy 
kudirt  on  ils  sur&ce.  From  the  particuhtrs  here  enumerated,  it  it 
•b»io«»  lhat  wc  have  already  a  very  clear  idea  of  the  vast  import- 
■Bee,  aod  {Hinerfiil  influence  of  tlie  sun,  on  iU  planetury  system. 
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And  if  we  add  to  (his  the  beiie6ceot  effects  we  feel  on  this  globe 
from  the  diffusion  of  the  solar  rays ;  and  consider  that,  by  well 
traced  analogies,  the  same  effects  have  been  proved  to  take  place 
oo  other  planets  in  this  system ;  I  should  not  wonder  if  we  were 
induced  to  think  that  nothing  remained  to  be  added  in  order  to 
complete  our  knowledge:  and  yet  it  will  not  be  difficult  to  show 
that  we  are  still  very  ignorant,  at  least  with  regard  to  the  internal 
constmction  of  the  sun*  The  various  conjectures,  which  have  bees 
formed  on  this  sabject^  are  evklent  marks  of  the  uncertainty  noder 
which  we  have  hitherto  laboured. 

The  dark  spots  in  the  son^  for  instance,  have  been  supposed  to  be 
solid  bodies  revolving  very  near  its  surface.  They  have  been  con- 
jectnred  to  be  the  smoke  of  volcanos»  or  the  scum  floating  on  an 
ocean  of  fluid  matter.  They  have  also  been  taken  for  cloods» 
They  were  expUuned  to  be  opaque  masses^  swinmiing  in  the  fluki 
■latter  of  the  sun;  dqpping  down  occaioonally.  It  has  been  sup- 
posed that  a  fiery  liquid  surrounded  the  snn,  and  that  by  iU  ebbing 
and  flowing^  the  highest  pats  of  it  were  occasionally  uncovered,  and 
appeared  under  the  shape  of  dark  spots ;  and  that,  by  the  return  of 
this  fiery  Ikiuid,  they  were  again  covered,  and  in  that  nuumer  sac* 
eessively  assumed  different  phases.  The  son  itself  has  been  called 
a  globe  of  fire,  though  perhaps  metaphorically.  The  waste  it  would 
ondergo  by  a  gradual  consumption,  on  the  supposition  of  its  being 
^(nited,  has  been  ingeniously  calculated.  And  in  the  same  pomt  of 
view,  its  immense  power  of  heating  the  bodies  of  such  comets  as 
draw  very  near  to  it  has  been  assigned. 

The  bright  spots,  or  faculae,  have  been  called  doads  of  light,  and 
lommous  vapours.  The  light  of  the  sun  itself  has  been  supposed 
to  be  directly  invisible,  and  not  to  be  perceived  unless  by  reflection ; 
though  the  proofs,  which  are  brought  in  support  of  that  opinion, 
seem  to  amount  to  no  more  than  what  is  sufficiently  evident,  that 
we  cannot  see  when  rays  of  light  do  not  enter  the  eye.  But  it 
is  time  to  profit  by  the  many  valuable  observations  that  we  are  now 
in  possession  of.  A  list  of  successive  eminent  astronomers  may  be 
named,  from  Galileo  down  to  the  present  time,  who  have  furnished 
ns  with  materials  for  examination. 

In  supportmg  the  ideas  proposed  in  thb  paper,  with  regard  to  the 
physical  construction  of  the  sun,  I  have  availed  myself  of  the  labours 
of  all  these  astronoraersy  but  have  been  induced  to  this  only  by  my 
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own  actual  obttiration  of  the  solar  phaoomeaa  ;  vliicb,  besides 
venfjing  Diose  particular}  tbat  had  beeo  already  observed,  ga*e 
IDC  such  newt  of  the  sniar  regions  as  led  to  the  foundatioD  of  a 
very  ralional  system.     For,  having  tlie  advantage  of  former  obser, 
Tatwos,  my  latest  reviews  of  the  body  of  the  sun  were  immediatelj 
directed  to  the  mmX  esseDtial  pobts ;  and  the  work  was  by  tbit 
meaiti  facilitated,  and  coolracted  into  a  pretty  narrow  compasi. 
The  folIowiDg  is  a  short  extract  of  my  observations  on  the  so 
lo  which  1  hate  joinetl  the  consequences  I  now  believe  myself  ei 
titled  to  draw  from  them.     When  all  the  reasonings  on  the  several  I 
pbxnomena  are  put  together,  and  a  few  additional  arguments,  takes '  j 
from  iBalagy,  which  I  sliall  also  add,  are  properly  considered,  it- 1 
wiil  be  found  that  a  general  coaclusioti  may  be  made  wtiicli  seems 
to  throw  a  considerable  light  on  our  present  subject. 

In  lite  year  I779i  there  was  on  the  sun  a  spot  large  enough  to  ba 
seen  will)  ihe  oalced  eye.  By  a  view  of  it  with  a  seven-feet  re- 
flector, charged  with  a  very  high  power,  it  appeared  tn  be  divided 
into  two  parts.  The  larger  of  ihem,  on  the  19th  of  April,  measured  I 
1' 8' .06  in  diameter;  which  is  equal  in  length  to  more  than  thirty-o 
liiousaod  miles.  Both  together  must  certainly  have  eileuded  above 
fifty  thousand.  Tlic  idea  of  its  being  occasioned  by  a  volcaiiK  I 
explosion,  violently  driving  away  a  ticry  fluid,  which  on  its  return  ' 
would  gradually  fill  up  the  vacancy,  and  thus  restore  Ihe  sun  in 
that  place  to  its  former  splendour,  ought  to  be  rejected  on  nianj 
accounts.  To  mention  only  oue,  the  great  extent  of  the  spot  is 
very  unfavourable  to  that  supposition.  Indeed  a  mucli  less  violent 
and  less  pemkious  cause  may  be  assigned,  lo  accouut  for  all  the  a|>- 
pearancei  of  llie  spot.  When  we  see  a  dark  bell  near  the  equator 
of  the  planet  Jupiter,  we  do  not  recur  to  earthquakes  and  volcano* 
for  iis  origin.  Ao  atmosphere,  witli  its  natural  changes, 
pluii)  such  belts.  Our  spot  in  the  sun  may  be  accounted  fur  on  the 
lame  principles.  Tlie  earth  is  surrounded  by  an  atmospliere,  com> 
posed  of  various  elastic  fluids.  The  sun  also  has  its  atmosphere, 
and  if  some  of  the  fluids  which  enter  into  its  composition  should  bo 
of  a  shining  brilliancy,  in  the  manner  that  will  be  explained  here-  ' 
after,  while  others  are  merely  transparent,  any  temporary  causi 
whitb  may  remove  the  lucid  fluid  will  permit  us  to  see  the  body  of 
the  sun  through  the  transparent  ones.  If  an  observer  were  plat 
en  the  moon,  he  would  tee  the  solid  body  of  our  earth  ODlyimhott  \ 
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places  where  the  tnmspareDt  fluids  of  our  atmospheie  would  pef(- 
nit  him.  In  others,  the  opaque  vapours  would  reflect  the  light  of 
the  SOD,  without  peiinittiDg  his  view  to  penetrate  to  the  surface  of 
our  globe.  He  would  probably  also  find  that  our  planet  had  oc- 
casionally some  shinbg  fluids  in  its  atmosphere ;  as^  not  unlikely, 
•ome  of  our  noithem  lights  might  not  escape  his  notice,  if  they  hap- 
pened  in  the  uneulightened  part  of  the  earth,  and  were  seen  by  him 
In  his  long  dark  night.  Nay^  we  have  pretty  good  reason  to  be» 
lieve,  that  probably  all  the  planets  emit  light  in  some  degree ;  for 
the  illumination  which  remains  on  the  moon  in  a  total  eclipse  cannot 
be  entirely  ascribed  to  the  light  which  may  reach  it  by  the  reiiractioii 
of  the  earth's  atmosphere.  For  instance,  in  the  eclipse  of  the  moon, 
jwhich  happened  October  22,  1790,  the  rays  of  the  sun  refracted 
by  the  atmosphere  of  the  earth  towards  the  moon,  admitting  the 
mean  horizontal  refract  k>n  to  be  30'  50".8,  would  meet  in  a  focus 
above  189  thousand  miles  beyond  the  moon ;  so  that  consequently 
there  could  be  no  illumination  from  rays  refracted  by  our  atmos- 
sphere.  It  is  however  not  improbable,  that  about  the  pofair  regions 
of  the  earth  there  may  be  refraction  enough  to  bring  some  of  the 
solar  rays  to  a  shorter  focus.  The  distance  of  the  aMKMi  at  the 
time  of  the  eclipse  would  require  a  refraction  of  54'  6'',  equal  to  Its 
horisontal  parallax  at  that  time,  to  bring  them  to  a  focus  so  as  to 
throw  light  on  the  moon. 

The  unenlightened  part  of  the  planet  Venus  has  also  been  seen  by 
different  persons,  and,  not  having  a  satellite,  those  regions  that  are 
turned  from  the  sun  cannot  possibly  shine  by  a  borrowed  light  $  so 
that  this  fiiint  illumination  must  denote  some  phosphoric  quality  of 
the  atmoq;>here  of  Venus.  In  the  instance  of  our  large  spot  on  the 
sun,  I  concluded  from  appearances,  that  I  viewed  the  real  solkl 
body  of  the  sun  itself,  of  which  we  rarely  see  more  than  its  shinmg 
asmosphere.  In  the  year  1783,  I  observed  a  fine  large  spot,  and 
followed  it  up  to  the  edge  of  the  sun's  Ihnb.  Here  I  took  notice 
that  the  spot  was  plainly  depressed  below  the  surface  of  the  sun  ; 
and  that  it  had  very  broad  shelving  sides.  I  also  suspected  some 
part  at  least  of  the  shelving  sides  to  be  elevated  above  the  surface 
of  the  sun ;  and  observed  tliat,  contrary  16  what  usually  happens, 
the  margin  of  that  side  of  the  spot,  which  was  fiirthest  from  the 
limb,  was  the  broadest. 

The  kuninous  shelvmg  sides  of  a  spot  may  be  explained  hjm 
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gentle  toA  gndul  nmovBl  of  ifae  sliintng  fluid,  wliicli  pCTmils  ui 
to  irc  llie  globe  of  Ihe  suu.  As  to  the  uncominoD  appearance  of 
Die  btoadeit  margin  being  on  that  side  of  the  spot  which  wai 
farllieil  from  Uie  limb  ulien  llie  spot  came  near  the  edge  of  it,  we 
may  wnniM  that  the  sun  has  ineiiualilics  on  its  surface,  which  niaj 
poujblj'  be  tbe  cauie  uf  it.  For  when  raountaioout  countries  are 
eipnscd,  if  it  tbould  chance  that  the  bigliest  parts  of  the  landscape 
arc  sHuatcd  so  a*  to  be  near  that  side  of  the  margin,  or  peaumbra 
of  the  ipoi,  which  u  towards  the  limb,  it  may  partly  intercept  our 
\irK  of  it,  when  ihe  tpot  is  seen  very  obliquely.  This  would  re- 
quire elctalions  at  least  j  or  6  hundred  miles  high ;  but  considering 
tbe  gtiat  attraction  e^tcrted  by  the  sun  on  bodies  ol  its  surface,  and 
the  slow  rcTolnlion  it  has  on  its  axis,  we  may  readily  admit  iD> 
equalities  to  that  amount.  From  the  centrifugal  force  at  the  sun's 
equator,  and  tbe  weight  of  bodies  at  its  surface,  I  compute  that 
tbe  power  of  tfarowiog  down  a  mountain  by  Ihe  exertion  of  the 
^mer,  balanced  by  the  superior  force  of  keeping  il  in  its  situation 
of  the  latter,  is  near  6|  time  less  on  the  sun,  than  on  our  equatorial 
regions :  tnd  as  an  elevation  similar  to  one  of  three  miles  on  tlie 
earth  would  not  be  less  than  334  miles  on  the  sun,  there  can  be  no 
doubt  but  that  a  mountain  mucti  higher  would  stand  very  firmly. 
The  lilUtr  densitj  of  the  lolar  body  seems  also  lo  be  in  favor  of  the 
height  of  ill  mountains;  fur,  cseleris  paribus,  dense  bodies  will 
sooner  come  to  their  level  liian  rare  ones.  Tlie  difference  in  the 
vanishing  of  the  shelving  side,  instead  of  cxplainijig  it  by  mountains, 
may  also,  and  perhaps  more  satifaelorily,  he  accounted  from  the 
ie»l  diderence  of  the  exteol,  Ihe  arrangement,  the  height,  and  the 
intouity  of  iLe  shiuing  fluid,  added  to  the  occasional  changes  that 
may  happen  in  these  particulars,  during  the  lime  m  which  the  spot 
approaches  to  the  edge  of  the  disc.  However,  by  admitting  large 
mouDlain*  on  the  surlace  of  the  sun;  we  shall  accouut  for  the  dif- 
ferent opinions  of  two  eminent  astronomers ;  one  of  whom  believed 
Ihe  spots  depressed  helow  the  sun,  while  tlie  other  supposed  them 
elevated  above  it.  For  it  is  ool  improbable  that  some  of  (lie  solar 
mountains  may  be  high  enough  occasionally  to  project  above  tlie 
iliining  elastic  fluid,  when,  by  some  agitation  or  other  cause,  it  is 
not  of  the  usual  height;  and  this  opinion  is  much  strengthened  by 
the  return  of  some  remarkable  qmts,  which  served  Cassini  to 
#tttaia  tiw  petiod  of  (be  aun's  rotatioiv     A  very  btgh  country. 
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chain  of  moontaioSy  may  oftener  become  visibley  by  the  removal  of 
the  obstrocting  fluid,  than  the  lower  regions^  on  account  of  its  not 
being  so  deeply  covered  with  it. 

In  the  year  179I»  I  examined  a  large  spot  in  the  sun,  and  found 
it  evidently  depressed  below  the  level  of  the  surface  j  about  the  dark 
part  was  a  broad  margm,  or  plane  of  considerable  extent » liess  bright 
than  the  sun»  and  also  lower  than  its  surface.  This  plane  seemed  to 
rise,  with  shelving  sides,  up  to  the  place  where  it  joined  the  level  of 
the  surface.  In  confirmation  of  these  appearances,  I  carefully  re* 
marked  that  the  disc  of  the  sun  was  vbibly  convex ;  and  the  reason 
of  my  attention  to  this  particular,  was  my  being  already  long  ae» 
quainted  with  a  certain  optical  deception,  tliat  takes  place  now  and 
then  when  we  view  the  moon;  which  is,  that  all  the  elevated  spots 
on  its  surface  will  seem  to  be  cavities,  and  all  cavities  will  assume 
the  shape  of  mountains.  But  then,  at  the  same  time  tlie  mooo, 
instead  of  having  the  convex  appearance  of  a  globe,  will  seem  to 
be  a  large  concave  portion  of  a  hollow  sphere.  As  soon  as,  by  the 
force  of  imagination,  you  drive  away  the  fidlacious  appearance  of 
a  concave  moon,  you  restore  the  mountains  to  their  protubenince^ 
and  sink  the  cavities  again  below  the  level  of  the  surfaoe.  Now, 
when  I  saw  the  spot  lower  than  the  shining  matter  of  the  sun,  and 
an  extended  plane,  also  depressed,  with  shelving  sides  rising  op  to 
the  level,  I  also  found  that  the  sun  was  convex,  and  appeared  in  its 
natural  globular  state.  Hence  I  conclude  that  there  could  be  no 
deception  in  those  appearances. 

How  very  ill  would  this  observation  agree  with  the  ideas  of  solid 
bodies  bobbing  up  and  down  in  a  fiery  liquid!  with  the  smoke  of 
volcanos,  or  scum  on  an  ocean  1  And  bow  easily  it  is  explained 
on  the  foregoing  theory.  The  removal  of  the  shining  atmosphere, 
which  permits  us  to  see  the  sun,  must  naturally  be  attended  with  a 
gradual  diminution  on  its  borders ;  an  instance  of  a  similar  kind  we 
have  daily  before  us,  when  through  the  opening  of  a  cloud  we  see 
the  sky,  which  generally  is  attended  by  a  surrounding  haziness  of 
some  short  extent ;  and  seldom  transits,  from  a  perfect  clearness, 
at  once  to  the  greatest  obscurity. 

August  26,  1792>  I  examined  the  sun  with  several  powers,  from 
90  to  500.  It  appeared  evidently  that  the  black  spoU  are  the 
opaque  ground,  or  body  of  the  sun ;  and  that  the  lumhioos  part  is 
an  atmosphere,  which,  bebg  mtemipted  or  brokeo,  gives  us  t 
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Itansimt  glitDpae  of  lli«  sun  lUclf.    Tlie  f-ttel  Kfleclor,  whicli  wu 
in  high  perfrction,  repreacnled  tlie  spoU,  as  it  always  useil  to  do^ 
much  drprrueil  below  llie  surface  of  ibe  luminous  pan.     SepL    r 
3,  1793, 1  Mw  twn  5)M>ts  til  llie  sun  witb  Ibe  uakrd  eye.    Id  llie 
Irscope  ]  fuuud  ibcy  were  clusters  of  spots,  with   many  scallerei)  ' 
ounbeuiiti.     Every  oi(«  gflliem  was  certaiuly  below  liie  surface   1 
vfibc  luminous  disc.     Sept.  8,  17!I3,   luving  made  a  small  upecut-  1 
liim.  merely  liroughl  tn  4  pett'ect  figure  oil  boDcs,  wilbout  polisb.  I 
I  found,  Ibut  by  sliding  »  great  part  of  llie  solar  rays,  llic  ol>Je(i'4 
ipeculum  Hould  benrn  greater  aperture  ;  aud  tlius  enabled  me  lo^ 
secwiihDHire  cumfurt,  and  less  diitiger.     Tbe  surface  of  llie  s 
wu  uneqnal  :  nuiny  gturts  of  it  beiug  elevated,  and  others  depress*  I 
«d.     Hiis  it  here  to  hu  iinderstuod  of  the  shining  nurfsce  only,  1 
tJicical  body  of  tbe  sun  can  probaMy   be  seldom  seen,  olbctwiip   | 
llian  in  ils  black  sfials.     It  may  not  be  impossible,  as  light  : 
liins|(arrnl  fluid,  ibm  the  sun's  real  suifacc  also  may  now  and  then  • 
be  prtcrivcd  :  as  ne  tec  tbe  sbajie  of  the  wick  of  a  caudle  tlirou^k    * 
■If  flaror,  or  tbe  conleiils  of  a  furnace  in  tbe  midst  of  the  briglite^ 
glare  of  H  ;  but  ibis  1  should  suppose  will  only  happen  where  ibe 
lucid  oiailrr  of  tbe  sun  is  not  very  accumulated. 

&e|>l.  9,  17^?,  I  taimd  one  of  the  dark  spots  in  the  jun  drawa  | 
pretty  oear  tbe  preceding  edge.  In  its  neighhoiirbood  1  saw  a  g 
number  of  elevated  bright  places,  making  various  figures :  I  shall 
call  tliciii  laculz,  witb  Hevelius ;  but  without  assigning  to  this  term  J 
any  other  meaning  (ban  what  it  will  hereafter  appear  ought  to  be  | 
given  In  iL  I  saw  these  faculae  extended,  on  the  preceding  side* 
over  about  i  part  of  the  tun;  but  so  far  from  reseiuhling  lord 
lliey  appeared  like  the  shrivelled  elevations  on  a  dried  apple, 
Ifuded  in  length,  and  must  of  ibem  joined  together,  making  wave%,1 
or  waving  hues.  By  some  good  views  in  the  afternoun,  I  fnuad  T 
Ifaat  Kie  nit  of  iIk  turface  of  tbe  suu  docs  not  contain  any  faculs,  j 
except  a  few  on  tbe  fullawing,  and  equatorial  part  of  (be  suD.  [ 
Towards  tbe  noilb  and  «oulb  1  saw  no  facuiz:  there  was  all  over  ] 
tbe  ■nil  a  great  uueveunes^  in  the  surface,  which  bad  tbe  appearaiic«  1 
of  a  Riixiure  of  small  points  of  an  unequal  light;  but  they  are  ev^  ] 
denlly  an  unevenneu  or  roughness  of  high  and  low  parts. 

Sept.  1 1, 1792,  the  taculw  in  the  preceding  pait  of  the  sun,  were  ] 
nmch  g«ae  out  of  the  disc,  aud  those  in  the  fallowing  come  oa,  1 
A  dark  spot  also  was  come  on  with  them.     Sept.  13, 1792.  '''"•  ] 
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were  a  great  namber  of  fkculs  on  the  equatorial  part  of  the  san, 
towards  the  precediog  and  ibllowiog  parts.  There  were  none  to^ 
Wards  the  poles ;  bnt  a  roughness  was  visible  every  where.  Sept. 
l6,  179^*  the  snn  contahied  many  large  facnUe,  on  the  following 
side  of  its  equator,  and  also  several  on  the  preceding  side.  Bol 
none  about  the  poles.  They  seemed  generally  to  accompany  the 
qpotSy  and  probably^  as  the  faculse  certainly  were  elevutions»  a 
great  number  of  them  nray  occasion  neighbouring  depressioo^  that 
is^  dark  spots. 

The  fiicuhe  being  elevations^  very  satisfiictorily  explains  the  i«»> 
ton  why  they  disappear  towards  the  middle  of  the  son»  and  rt'Wp' 
pear  on  the  other  margin ;  for,  about  the  phrae  where  we  lose  them, 
they  begin  to  be  edge-ways  to  our  view ;  and  if  between  the  faculs 
should  lie  dark  spots,  they  will  most  frequently  break  out  in  the 
middle  of  the  sun,  because  they  are  no  longer  covered  by  the  side 
views  of  these  fiiculse. 

Sept.  22,  179^9  there  were  not  many  iacuhe  m  the  sun,  and  but 
lew  spots;  the  whole  disc  however  was  very  much  marked  widi 
roughness,  like  an  orange.    Some  of  the  lowest  parts  of  the  inequa- 
lities were  blackish.     Sept.  29, 1792»  the  following  side  of  the  sun 
contained  many  iaculte,  near  the  limb.    They  took  up  an  arch  of 
about  5(fl.    There  were  likewise  some  on  the  preceding  side.    The 
north  and  south  rough  as  usual;  but  diflferently  disposed.    The 
faculse  were  ridges  of  elevations  above  the  rough  surflMie.    Feb.  88, 
1794>  by  an  experiment  just  then  tried,  I  found  it  confirmed  that 
the  sun  cannot  be  so  disthictly  viewed  with  a  small  aperture  and 
fidnt  darkening  glasses,  as  with  a  large  aperture  and  stronger 
ones;  thb  latter  is  the  method  I  always  use.    One  of  the  blade 
stops  on  the  precedmg  margin,  which  was  greatly  below  the  snr* 
face  of  the  sun,  had  next  to  it  a  protuberant  lump  of  shining 
matter,  a  little  brighter  than  the  rest  of  the  sun.    About  all  the 
spots  the  shmmg  matter  seemed  to  have  been  disturbed;  and  was 
uneven,  lumpy,  and  zig*zagged  m  an  irregular  manner.     I  call  the 
spots  bhick,  not  that  they  are  entirely  so,  but  meerly  to  disthignish 
them;  for  there  was  not  one  of  them  which  was  not  partly,  or  en- 
tirely, covered  over  with  whitish  and  unequally  bright  nebnlosily, 
or  cloudmess.    lliis,  m  many  of  them,  conies  near  toan  '«itiDetion 
of  the  tipoi;  and  in  others  seems  to  bring  on  a 
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Sc^  2S,  t?^  tiiere  w»a  dark  spot  in  tli«  sun  on  ihe  follow- 
ing aide.  It  vsu  retlaiiily  lUpressetl  below  tbe  aliiniug  almospUere. 
and  bwl  iltrltiag  tides  of  ihinJDg  tiiuUer,  which  rose  up  higher  tlian . 
llic  gettcral  tiafaKV,  «ud  were  brighlesi  dt  Ihe  top.  The  preced-i 
lug  tbelving  »d«  ivu  rundered  ahnost  invidible,  by  ibe  overhanging 
urihrpre«edi)ig  dcvalioii^;  while  Ihe  rollowing  was  very  well  ex* 
piMcd  :  the  ifnti  being  nppareiilly  such  in  figure  as  denotes  n  circii*- 
Ur  torm,  «wwed  in  aa  oblique  direction.  Near  Ihe  fullowinf' 
nuugin  wrre  niaiiy  briglil  elevulions,  close  to  visible  depressions* 
The  depteued  parts  k»a  bright  llmu  the  common  siirliice.  Tlie. 
penuiubn,  u  it  is  called,  ubont  this  spot,  was  a  considerable  plan«,' 
ui  Im  hrighlocss  than  the  common  surface,  and  tceuied  to  be  at 
much  drpresscd  below  that  surluce  as  the  spot  was  below  the 
pUnc.  Hrnce,  if  Ihe  brigliness  of  llie  sun  is  occasioned  by  thff 
lucid  almoipbere,  lite  inUin^iiyof  llie  briglitnes;  must  be  less  whetc 
il  a  dtrpreued  ;  fur  li^hl,  buing  transparent,  must  tie  the  more  io* 
Irnse  ike  more  it  is  deep. 

Oct.  12,  179^  Ilie  wliole  surfice  of  the  sun  was  diversiHed  by' 
iiKiiwdit}  in  ibe  elevation  of  llie  shining  atmosphere,  Tlie  luwert 
parls  weivevtry  wliere  daikesl  :  and  every  little  pit  had  Ihe  a  p. 
ftanoee  of  ■  more  or  less  dark  spot.  A  dark  spot,  on  llic  pr«<' 
crdii:^  side,  wuinrroundcd  by  very  f;real  inequalities  in  Ihe  elevs. 
lion  of  ibe  lucid  atmosphere  :  and  its  depression  below  the  same  ' 
was  bouniled  by  an  imniedinte  rising  of  verv  bright  light.  Oct. 
13, 1794.  Ibe  spat  iu  Ibe  suu  observed  \eslerdiiy  was  drawn  so  nemr 
the  margin,  that  Ihe  elevated  side  of  the  following  part  of  it  bM 
all  Ihe  bUck  ground,  and  still  left  the  cavily  visible,  so  that  the  de« 
pTcssion  of  Ihe  bkck  spots,  and  the  elevation  of  the  faculsc,  wen" 
e4]ually  nridcal. 

I(  w  ill  now  be  caay  In  bring  the  result  of  these  observations  iuto 
■  tefv  narrow  compass.  That  the  sun  has  a  very  extensive  at- 
mospfaere  cannot  be  doubted  :  and  that  this  atmosphere  consists  of 
variausclMlic  fiuids,  Uiat  are  more  or  less  lucid  and  transpareut,  and 
«f  which  ibe  ludd  one  is  that  which  fumiihes  us  with  light,  seems 
aho  to  be  lully  ealablistteil  by  all  the  phamomena  of  its  spots,  of  ibe 
facslv,  and  nf  tlie  lucid  surliice  ilself.  There  is  no  kind  of  variety 
in  these  appearances  that  may  not  be  accounted  for  with  the  trealeat 
ftcilnj,  from  Ihe  continual  ogitalion  which  we  may  easily  conceive 
mast  lake  place  in  tbc  regioiu  of  sudi  extouttve  elastic  fluids. 
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will  be  necessary,  however,  to  be  a  little  more  particular,  as  to  the 
manner  in  which  I  suppose  the  lucid  fluid  of  the  sun  to  be  generated 
in  its  atmosphere^  An  analogy  that  may  be  drawn  from  the  ge- 
neration of  clouds  in  our  own  atmosphere,  seems  to  be  a  very  pn>. 
per  one,  and  full  of  instruction.  Oht  clouds  are  probably  decon- 
positious  of  some  of  the  elastic  fluids  of  the  atmosphere  itself^  when 
such  natural  causes,  as  in  this  grand  chemical  laboratory  are  gene* 
rally  at  work,  act  on  them  ;  we  may  therefore  admit  that  in  the 
very  extensive  atmosphere  of  the  sun,  from  causes  of  the  same  na- 
ture, similar  phsenomena  will  take  place ;  but  with  this  diflerence, 
that  the  continual  and  very  extensive  decompositions  of  th^  elastic 
fluids  of  the  sun,  are  of  a  phosphoric  nature,  and  attended  with 
lucid  appearances,  by  giving  out  light. 

If  it  should  be  objected,  that  such  violent  and  unremitting  decom- 
positions woald  exhaust  the  sun,  we  may  recur  again  to  our  analogy, 
which  will  furnish  us  with  the  following  reflections.  The  extent  of 
our  own  atmosphere,  we  see  is  still  preserved,  notwithstanding  the 
copious  decompositions  of  its  fluids,  in  clouds  and.fiiUing  rain  ;  in 
flashes  of  lightning,  in  meteors,  and  other  luminous  pbaeDomena ; 
because  there  are  fresh  supplies  of  elastic  vapours,  eontinnally  as- 
cending to  make  good  the  waste  occasioned  by  those  decompositions. 
But  ft  may  be  urged,  that  the  case  with  the  decomposition  of  the 
elastic  fluids  m  the  solar  atmosphere  would  be  veiy  diflerent,  since 
light  is  emitted,  and  does  not  return  to  the  sun,  as  elouds  do  to  the 
earth  when  they  descend  in  showers  of  rain.  To  which  I  answer, 
that  in  the  decomposition  of  phosphoric  fluids  every  other  ingredient 
but  light  may  also  return  to  the  body  ef  the  sun.  And  that  the 
emission  of  light  must  waste  the  sun,  is  not  a  dificulty  that  can  be 
opposed  to  our  hypothesis.  For  as  it  is  an  evident  fact  that  the  sun 
does  emit  light,  the  same  objection,  if  it  could  be  one,  would  equally 
militate  against  every  other  assignable  way  to  account  for  the  phe- 
nomenon. 

There  are  also  considerations  that  may  lessen  the  pressure  of  this 
alledged  difficulty.  We  know  the  exceeding  sobtUty  of  light  to  be 
such,  that  in  ages  of  time  its  emanation  ftom  the  snn  cannot  veiy 
sensibly  lessen  the  sixe  of  this  great  body.  To  this  may  be  added, 
that  very  possibly  there  may  also  be  ways  of  restoration  to  compen- 
sate for  what  is  lost  by  the  emission  of  light ;  though  the  manner  in 
which  this  can  be  brought  about  should  not  qipcar  to  us.    Many  of 
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ll*  opcnUioN  of  uature  are  carried  on  io  her  great  labaralorj.  wbicfa 
w  caunal  coiD|)Kbend  ;  but  now  and  then  we  see  »oine  of  the  loob 
»ilh  which  tbe  is  al  work.     We  need  not  wonder  ttiat  Ilieir  coH«truo- 
Ijon  ithould  be  to  lingular  as  to  induce  us  lo  confess  nut  ignorance    ' 
of  111*  inetbod  of  employing  tliein,  but  we  may  rest  assured  that    ' 
lliey  ate  aot  a  mere  lusus  nature.     I  allude  to  the  great  Dumber  of 
mutU  Itkscopic  cuniets  that  have  been  observed ;  and  lo  the  far 
grealef  number  still  that  are  probably  much  loo  small  for  being  do*  J 
titcd  by  our  most  diligent  searchers  after  them-     Those  (i,  for  \t^A 
tiaoee,  nhicli   my  sister  has  discovered,  I  can  from  examination  J 
tSino  bad  not  the  least  appearance  of  any  solid  nucleus,  and  seemed  ,  ( 
lo  tie  mete  collections  of  vapours  condensed  about  u  centre.     Fi*a  ^ 
more,  that  1  have  also  observed,  were  nearly  of  the  same  nature.  I 
71ii»  Ibroirs  a  mystery  over  their  destination,  which  seems  to  place- 
litem  in  the  allegorical  view  uf  tools,  prubdbly  designed  for  si 
■alulury  purposes  to  be  wrought  by  them  :  and,  whether  the  reala>  ' 
ration  of  what  is  lost  to  the  sun  by  the  emission  of  light,  (he  poni> 
bility  of  which  we  have  been  inenlionini;  above,  may  not  be  one  of 
these  purposes,  I  shall  not  presume  to  determiue.     The  niotiou  of,| 
llie  cmiiel  discovered  by  Mr.  Messier  in  June  1770,  plainly  indica* 
trd  how  much  its  orbit  was  liable  to  be  changed  by  the  perturbs  j 
hoiu  of  the  planeto ;  from  which,  and  the  liltle  agreemeul  ibat  ci 
be  found  between  the  elements  of  the  orbits  of  all  the  comets  that  J 
liuve  been  observed,  it  appears  clearly  that  they  may  be  directed' 
lo  carry  their  salutary  influence  to  any  part  of  the  beaveus- 

My  hypothesis,  however,  as  before  observed,  does  uot  lay  me  una 
der  any  obltgalion  to  explain  how  the  sua  can  sustain  the  waste  of  | 
bgbt,  nor  to  show  tfaat  it  will  sustain  it  for  ever  ;  and  I  should  a 
remark  that,  as  in  the  analogy  of  generating  clouds,  I  merely  alluds  •! 
lo  (heir  ptodnction   as  owing  lo  a  decomposition  of  some  of  tha  1 
efaslic  flnids  of  oar  atmosphere,  that  analogy,  which  firmly  rests  on  I 
the  tiict,  wilt  mil  be  less  to  my  purpose  to  whatever  cause  theM-  [ 
riouds  may  owe  I lieir  origin.     It  is  the  same  nilh  the  lucid  doudi,  j 
if  I  may  so  call  them,  of  the  tun.     They  plainly  exist,  because  1 
tee  them:  Ibe    manner  of  their  being   generated  may  remain  an 
bypotbesis;  tuvi  mine,  till  a  better  ran  be  proposed,  may  stand 
gtKKl ;  but  whether  it  does  or  not,  the  consequences  1  am  going  to 
draw  from  what  hat  been  said,  will  not  be  afiected  by  it. 
Btlbre  I  proceed,  1  shall  ouly  point  ou(>  that  according  lo  the 
B  3 
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above  theory,  «  dark  spot  in  tkt  mm  i»  a  pkce  ia  its  atmosphere 
which  happens  to  be  free  from  hmiinoiis  decompositiom  ;  and  that 
iaculsB  are,  on  the  contrary,  more  copious  mtxtures  of  such  Aoids  as 
decompose  each  other.  The  penumbra  which  attends  the  spots, 
heiag  generally  depressed  more  or  less  to  about  half  way  between 
the  solid  body  of  the  sun  and  the  upper  part  of  those  regions  in  wlneli 
luminous  decompositions  take  place,  must  of  course  be  lainter  than 
other  parts.  No  spot  farourable  for  taking  measures  harmg  latdiy 
been  on  the  sun,  I  can  only  judge,  from  former  appearances,  that 
the  regions  in  which  the  luminons  solar  clouds  are  formed,  adding 
also  the  elevation  of  the  faculty  cannot  be  less  than  1843,  nor  macfa 
more  than  2765  miles  in  length*  It  is  tme  that  in  our  atmosphere 
the  extent  of  the  clouds  is  limited  to  a  very  narrow  compass;  but 
we  ought  rather  to  compare  the  solar  ones  to  the  luminous  deconl- 
positions  which  take  place  in  our  aurora  borealis^  or  lumipoos 
arches,  which  extend  much  fkrther  than  the  cloudy  regions.  The 
deinity  of  the  luminous  solar  clouds,  though  very  great,  may  not 
be  exceedingly  more  so  than  that  of  oar  aarora  borealis.  For  if  we 
consider  what  would  be  the  brilliancy  of  a  space  of  two  or  three 
thousand  miles  deep,  filled  with  such  coruscations  as  we  see  now 
and  then  in  our  atmosphere,  their  apparent  intensity,  when  viewod 
at  the  distance  of  the  sttn>  might  not  be  much  mferior  to  that  of  the 
Ineid  solar  fluki. 

From  the  luminous  atmosphere  of  the  sun  I  proceed  to  its 
opaque  body,  which  by  calculation  ^m  the  power  it  exerts  on  the 
planets  we  know  to  be  of  great  solidity  i  and  fit>m  the  phsmomena 
of  the  dark  spots,  many  of  which,  probably  on  account  of  their 
high  sftoationSi  have  been  repeatedly  seen,  and  otherwise  denote 
hiequsllties  in  theb  level,  we  surmise  that  its  Sarfhce  is  diversified 
frith  monntams  and  valleys. 

What  has  been  said  enables  us  to  come  to  some  very  important 
conclusions,  by  remarking,  that  this  way  of  consklering  the  sun  and 
its  atmosphere,  remvoes  the  great  dissimilarity  wa  have  hitherto 
been  used  to  find  between  its  condition  and  that  of  the  rest  of  the 
great  bodies  of  the  solar  system^  The  sun,  viewed  in  this  light, 
appears  to  be  nothing  else  than  a  very  eminent,  large,  and  ludd 
phinet,  evMifently  the  first,  or  in  strictness  of  speaking,  the  only  pri- 
mary one  of  our  system;  all  others  being  truly  secondary  to  it.  Its 
rimSiatity  to  th^  other  globes  of  the  sobur  system  with  regvd  to  its 
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f  Mluliljr,  iu  atmosphere,  and  its  diversitird  surface  ;  the  rotation  od 
}  il»axis  sod  Ihe  fall  of  heavy  bodies,  leads  us  ou  (o  suppose  that  it 
iiHM*!  probably  also  inhabited,  like  the  rest  of  r lie  plauels,  by  beings 
ttlioM^or^m  are  adapte<l  to  the  peculiar  cirru instances  of  that  vast 
glube.  Wlialevcr  fanciful  poets  might  say,  in  mabing  the  sun  the 
abudf  oi"  bleued  ipirils,  or  angry  muralisls  devijc,  in  pointing  it  out 
u  a  til  i>l«c  for  tbe  punishment  of  the  nicked,  it  does  not  appear 
Ibat  ibej  iidcl  atij'  other  foumlalion  for  their  assertions  than  meet 
opinion  oud  vague  surnlt^e;  but  now  I  think  myself  aulhoriied,  on 
atbonoaucal  ptiticiples,  to  propose  ihe  sun  as  an  inhabitable  world, 
and  am  penuaded  that  the  foregoing  observations,  with  the  conclu- 
lions  J  bate  drawn  from  tlieni,  are  Citlly  sufficient  to  answer  every 
ubjectinn  Ibal  ma}-  be  made  against  it. 

Il  may,  bowever,  not  be  amiss  to  remove  a  certain  difficulty,  which 
aracs  from  the  effect  of  ihe  sun's  rays  on  our  globe.  The  heat  which 
u  here,  at  the  distance  of  gs  niillions  of  miles,  produceij  by  these 
nj\  (1  so  considerable,  Ihat  it  may  be  objetled,  that  the  surface  of 
the  globe  of  llie  suit  itself  must  be  scorched  up  beyond  all  conceplion. 
Tbi*  n»y  he  very  subslautially  answered  by  many  proofs  drawn 
from  natural  philosophy,  which  show  that  heat  is  produced  by  the 
Mis')  ny>  uuly  when  ihey  act  ou  a  calorific  niedium ;  (hey  are  the 
caujc  of  Ibe  production  ofheal,  by  uniting  with  tbe  mutter  of  fire, 
which  11  coutdiued  in  the  substances  that  are  healed  :  as  the  collisoa 
of  0int  and  steel  will  iadame  a  magazine  of  gunpowder,  by  putting 
all  the  latent  fire  it  contains  into  aclion.  But  an  inslaoce  or  two  of 
tbe  manner  in  which  the  solar  rays  produce  their  effect,  will  briny 
lliit  home  to  our  most  common  experience. 
Or  the  tops  of  mountains  of  a  sufficient  height,  at  an  altitude 
I  «hecv  ckiuds  can  very  seldom  reach,  to  shelter  tliem  from  llie  direct 
ravsof  ihesun,  we  always  find  regions  of  ice  ami  snow.  Now  if  tbe 
aolarrays  theraselvcs  conveyed  all  ihe  heal  we  find  on  this  globe,  it 
ougbl  lo  be  hottest  where  theircourse  is  least  interrupted.  Again,  our 
aeronauts  all  confirm  Ihe  coldness  of  the  upper  regions  of  lliealnii>|> 
pbcic ;  and  since  therefore  even  on  our  earth,  the  heat  of  any  situ- 
ation depends  on  ihe  aptness  of  the  medium  to  yield  to  the  imprei* 
liua  til  Ibe  solar  mys,  we  have  only  to  admit,  that  on  the  sun  ilseU^ 
IIk  eladic  fluids  composing  its  atmosphere,  and  the  matter  on  ila 
tutiux^  are  of  such  a  nature  as  not  to  be  capable  of  any  excessJvt 
■fiectiMi  from  its  own  nys  j  aud  Indeed  llit*  Mtnaa  to  be  proved  by 
B  4 
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the  copious  emission  of  them  ;  for  if  the  elastic  fluids  of  the  atmos^ 
phere,  or  the  matter  contaiued  on  tlie  surface  of  the  sun,  were  of 
such  a  nature  as  to  admit  of  an  easy  chemical  combination  with  its 
rays,  their  emission  would  be  much  impeded. 

Another  well-known  fact  is»  that  the  solar  focus  of  the  largest 
lens,  thrown  into  the  air,  will  occasion  no  sensible  heat  in  the  place 
where  it  has  been  kept  for  a  considerable  time,  though  its  power  of 
exciting  combustion,  when  proper  bodies  are  exposed,  should  be 
sufficient  to  fuse  the  most  refractory  substances.  It  will  not  be  ne* 
cessary  to  mention  other  objections,  as  I  can  think  of  none  that 
may  be  made,  but  what  a  proper  consideration  of  the  foregoing  ob« 
servations  will  easi!y  remove ;  such  as  may  be  urged  from  the  do- 
similarity  between  the  luminous  atmosphere  of  the  sun  and  that  of 
our  globe  will  be  touched  on  hereafter,  when  I  consider  the  objec- 
tions that  may  be  assigned  against  the  moon's  being  an  inhabitaUe 
satellite. 

1  shall  now  endeavour,  by  analogical  reasonings,  to  support  the 
ideas  I  have  suggested  concerning  the  construction  and  purposes  of 
the  sun ;  in  order  to  which  it  will  be  necessary  to  begin  with  snch 
arguments  as  the  nature  of  the  case  will  admit,  to  show  that  oiir 
moon  b  probably  inhabited.  Thb  satellite  is  of  all  the  heavenly 
bodies  the  nearest,  and  therefore  most  within  the  reach  of  our  teles- 
copes. Accordingly  we  find,  by  repeated  inspection,  that  we  can 
with  perfect  confidence  give  the  following  account  of  It*  It  is  a 
secondary  planet,  of  a  considerable  size;  the  surface  of  which  is  di- 
versified, like  that  of  the  eartli,  by  mountains  and  valleys.  Its 
situation,  witli  respect  to  the  sun,  is  much  like  that  of  the  earth ; 
and,  by  a  rotation  on  its  axis,  it  enjoys  an  agreeable  variety  of 
seasons,  and  of  day  and  night.  To  the  moon,  our  globe  will  appear 
to  be  a  very  capital  satellite  ;  undergoing  the  same  regular  changes 
of  illuminations  as  the  moon  does  to  the  earth.  The  sun,  the 
planets,  and  the  starry  constellations  of  the  heavens,  will  rise  and  set 
there  as  they  do  here ;  and  heavy  bodies  will  fall  on  the  moon  as 
they  do  on  the  earth.    There  seems  only  to  be  wanting,  in  order 

to  complete  the  analogy,  that  it  should  be  inhabited  like  the 
earth. 

To  this  it  may  be  objected,  that  we  perceive  no  large  seas  in  the 

moon  )  that  its  atmosphere,  the  exbtence  of  which  has  even  been 

doubted  by  many,  b  extremely  rare,  and  unfit  for  the  purposes  of 
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aninial  life:  llat  ib  dunatH,  'iU  m^mms,  wkI  (lie  Icnglli  of  its 
Jtmn,  lanlljr  ^HSn  fimii  oiiri ;  lltat  witliouldeiuc  clouds, nlucli  the 
mooa  bas  nol,  iheic  tau  be  no  nin ;  pcrbaps  no  rirers,  no  lakes. 
In  abort,  lliat  Dormtbslaiidin^  the  shnilarilv  which  has  been  pointed 
oat,  there  Metns  to  be  a  decitled  difference  in  ihe  two  planett  we 
bate  cMDpared.  Mj  answer  to  this  will  be,  llial  that  very  differ- 
^Ke  wbidi  »  Daw  objected,  will  rather  streiii;llieii  ibe  force  of  my 
■rgaioent  ihan  lesseu  its  vdIuc  :  we  find,  even  on  our  globe,  that 
llirtc  i->  the  must  striking  diflerence  in  the  situation  of  the  crealares 
Ibal  tkve  on  it.  While  man  walks  on  tbe  ground,  Uie  birds  By  la 
the  ait,  ■»!)  fishes  swim  in  water  ;  we  can  certainly  not  object  to 
Ifac  cumemences  afiurded  by  llie  moon,  if  those  tliat  are  to  inliabit 
tii  rej^iMM  are  lifted  lo  llieir coiiitilioos,  as  well  as  we  on  llits  globe 
arc  lo  oiut.  An  absolute,  ur  tuUl  mmciKss,  seems  rather  luilenote 
imperfection*,  luch  a;  nature  never  eiposes  to  our  view  ;  und,  on 
this  aeroonl,  I  believe  the  unBloeies  ihut  Imve  been  mentioned  are 
ivUj  mttcient  to  establish  the  bigli  |irotKihilily  of  the  moou's  being 
infadUlcd  like  Ibe  earth. 

To  proceed,  we  will  now  suppose  an  inlmbitanl  of  the  moon, 
wiio  bn<  Dot  propetly  considered  sucli  analogical  reasonin?i  usniieht 
iaduce  hint  to  surmise  that  our  earth  is  inhabited,  were  to  give  it  us 
bisopinion  thst  ihe  uh  of  that  great  body,  which  he  sees  in  his 
neighbourhood,  is  lo  c.-iri^  ubout  bis  lilde  globe,  that  it  may  l>e 
propetly  CKpowd  to  tbe  light  of  the  sun,  so  as  to  enjov  an  agieeiible 
ud  useful  variely  of  illuminalion,  as  well  as  lo  give  it  ii^hi  by  re- 
flection from  the  iun,  when  diitct  day-ligbi  cannoi  be  had.  Sup-, 
pose  also  that  the  inhabilanls  of  tiie  salelliles  of  Jupiter,  Saium. 
and  the  Georgian  planet,  were  to  consider  the  primary  ones,  lu 
which  Ibcy  belong,  as  mere  attractive  centres,  to  keep  together 
llieir  otbils,  to  direct  Ibeir  revolution  round  tbe  sun,  and  lo  supply 
lliem  with  rt&ected  light  in  Ibe  absence  of  direct  illuminalion. 
Ought  we  nol  lo  condemn  their  ignorance,  as  proceeding  iVomwant 
ofattenlioo  and  proper  rrtlrctiou  J  His  very  true  ihal  ihe  carlh,  aud 
those  olbcr  planets  that  htive  sutelliies  about  iliem,  perform  all  Ihe 
offices  Ibal  have  been  named,  for  the  mliabiiants  of  these  lilile 
;lubes  ;  but  lo  us,  who  live  on  one  of  lliese  pluncls,  their  reason- 
iagt  cannot  but  appear  very  defective  ;  when  we  see  what  a  magni- 
hcnl  dwelling-place  the  earth  affotds  lo  nuiiilierless  uitelligei.t 
btiniti. 
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These  consifieralioiis  ought    to    mflttLe  the  inhabitants  of  the 
planets  wiser  than  we  have  supposed  those  of  their  satellites  to  be. 
We  surely  ought  not,  like  them,  to  say  "  the  sua  (that  imnoienie 
globe,  whose  body  would  much  more  than  fill  the  whole  orbit  of 
the  moon)  is  merely  an  attractive  centre  to  us.**     From  experience 
we  can  aflirm,  that  the  performance  of  the  most  salutary  offices  Is 
iaierior  planets,  b  not  iuconsistent  with  the  dignity  of  superior  pur- 
poses ;  and,  in  consequence  of  such  analogical  reasonings,  aasisted 
by  telescopic  views,  which  plainly  favour  the  same  opinion,  we  need 
not  hesitate  to  admit  that  the  sun  if  richly  stored  with  inhabitaats. 
This  way  of  considering  the  sun  is  of  the  utmost  importance  ia 
Its  consequences.    That  stars  are  suns  can  hardly  admit  of  a  cbobt 
Their  immense  distance  would  perfectly  exclude  them  from  our 
view,  if  the  light  they  send  us  were  not  of  the  solar  kind.     Beside^ 
the  analogy  may  be  trac4kl  much  further.    The  sun  tarns  on  its 
axis.    So  does  tlie  star  Algol.    So  do  the  stars  called  fi  Lyne, 
i^  Cephei,  n  Antinoij  o  Ceti,  and  many  more ;  most  probably  all. 
From  what  other  cause  can  we  so  probably  account  for  their  periodi- 
cal changes  ?    Again,  our  sun  has  spots  on  its  surface.     So  has  the 
star  Algol ;  and  so  have  the  stars  already  named  ;  and  probably  every 
star  in  the  heavens.     On  our  sua  these  spots  are  changeable.    80 
they  are  on  the  star  0  Ceti ;  as  evidently  appears  from  the  irrego- 
larily  of  its  changeable  lustre,  which  is  of^en  broken  in  upon  by 
accidental  changes,  while  the  general  period  continues  imaltered. 
The  same  little  deviations  have  been  observed  in  other  periodical 
stars,  and  ought  to  be  ascribed  to  the  same  cause.    But  if  stais 
•are  suns,  and  suns  are  inhabitable,  we  see  at  once  what  an  exten* 
aive  field  for  animation  opens  itself  to  our  view. 

It  is  true  that  analogy  may  induce  us  to  conclude^  that  since 
stars  appear  to  be  suns,  and  suns,  according  to  the  common  opi- 
nion, are  bodies  that  serve  to  enlighten,  warm,  and  sustam  a 
system  of  planets,  we  may  have  an  idea  of  numberless  globes  that 
serve  for  the  habitation  of  living  creatures.  But  if  these  suns  then* 
selves  are  primary  planets,  we  may  see  some  thousands  of  them 
fvith  our  own  eyes,  and  millions  by  the  help  of  telescopes ;  when  at 
the  same  time,  the  same  analogical  reasoning  still  remains  in  full 
force,  with  regard  to  the  planets  which  these  suns  may  support. 
In  thb  place,  I  may  however  take  notice  that,  from  other  oonsidera- 
tionsy  the  idea  of  suns  or  stan  being  merely  the  supporters  of 
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systems  of  planets,  is  not  absolutely  to  be  admitted  as  a  general 
one.  AmoBg  the  great  nmnbef  of  way  compressed  clusters  of 
stars,  giTcn  in  my  catalogues,  tbere  are  some  which  open  a  difiRerent 
view  of  the  heavens  to  us.  The  stars  in  them  are  so  very  close  to- 
gether,  that  notwithstanding  the  great  distance  at  which  we  may 
suppose  the  cluster  itself  to  be»  it  will  hardly  be  possible  to  assign 
any  sufficient  mutual  distance  to  the  stars  composing  the  cluster,  to 
leave  room  for  crowding  in  those  planets,  for  whose  support  these 
stars  have  been,  or  might  be,  supposed  to  exbt.  It  should  seem 
therefore  highly  probable  that  they  exist  for  themselves;  and  are 
in  fact  only  very  capital,  lucid,  primary  planets,  connected  together 
ill  one  great  system  of  mntual  support. 

As  in  this  argument  I  do  not  proceed  on  conjectures,  but  have 
actual  observations  in  view,  I  shall  mention  an  instance  in  the 
dusters,  No.  ^6,  28,  and  35,  class  6,  of  my  catalogue  of  nebulae, 
and  clusters  of  stars  in  the  Phil.  Trans,  vol.  79*  The  stars  in  them 
are  so  crowded^  that  1  cannot  conjecture  them  to  be  at  a  greater 
apparant  dbtance  from  each  other  than  5";  even  after  a  proper 
allowance  for  such  stars,  as  on  a  supposition  of  a  globular  form  of 
the  cluster,  will  interfere  with  each  other,  has  been  made.  Now  if 
we  would  leave  as  much  room  between  each  of  these  stars  as  there 
is  between  the  sun  and  Sirius^  we  must  place  these  clusters  42  J  04 
limes  as  far  from  us  as  that  star  is  from  the  sun.  But  in  order  to 
bring  down  the  lustre  of  Sinus  to  that  of  an  equal  star  placed  at 
such  a  distance,  I  ought  to  reduce  the  aperture  of  my  20-feet  teles* 
cope  to  less  than  the  2:^00th  part  of  an  inch :  when  certainly  I 
could  no  longer  expect  to  see  any  star  at  all.  The  same  remark 
may  be  made,  with  regard  to  the  number  of  very  close  double 
stars;  whose  apparent  diameters  being  alike,  and  not  very  small,  do 
not  indicate  any  very  great  mutual  distance.  From  which,  how< 
ever,  must  be  deducted  all  those  wl^re  the  different  distances  may 
be  compensated  by  the  real  difference  in  their  respective  raagni<* 
tudcs. 

To  what  has  been  said  may  be  added,  that  in  some  parts  of  the 
milky  way,  where  yet  the  stars  are  not  very  small,  they  are  so 
crowded,  that  in  the  year  1Z9^>  Aug.  22,  I  found  by  the  gages, 
that  in  4 1  minutes  of  time,  no  less  than  258  thousand  of  them  had 
passed  through  the  field  of  view  of  my  telescope.  It  seems  there-' 
fore,  on  the  whole,  not  improbable  that,  iu  many  cases,  stars  are 
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ttuited  in  such  close  systems  as  not  to  leave  much  room  for  tLe 
orbits  of  pianets,  or  comets;  and  that  consequently,  on  this  ac- 
count also,  many  stars,  unless  we  would  make  them  mere  useless 
briliiaut  points,  may  themselves  be  lucid  planets,  perhaps  unat- 
tended by  satellites. 

Fostscripi, — The  following  observations,  which  were  made  with 
an  improved  apparatus,  and  under  the  most  favourable  circum- 
stances, should  be  added  to  those  which  have  been  given.  They 
are  decisive  with  regard  to  one  of  the  conditions  of  the  lucid  matter 
of  the  suu* 

Nov.  26,  179^9  8  spots  iu  the  sun,  and  several  sub-divbions  of 
them,   were   all  equally  depressed.     The  sun  was  every  where 
mottled.    The  mottled  appearance  of  the  sun  was  owing  to  an  in- 
equality iu  the  level  of  the  surface.    The  sun  was  equally  mottled 
at  its  poles  and  at  its  equator;  but  the  mottled  appearances  may  be 
seen  better  about  the  middle  of  the  disc  than  towards  the  circum- 
ference, on  accoimt  of  the  sun's  spherical  form.    The  unevenness 
arising  from  Uie  elevation  and  depression  of  the  mottled  appearance 
on  the  surface  of  the  sun,  seemed,  in  many  places,  to  amount  to 
as  much,  or  to  nearly  as  much,  as  the  depression  of  the  pennmbm 
of  the  spots  below  the  upper  part  of  the  shining  substance ;  with- 
out including  faculae,   which  were  protuberant.    The  lucid  sub- 
stance of  the  sun  was  neither  a  liquid,  nor  an  elastic  fluid ;  as  was 
evident  from  its  not  instantly  filling  up  the  cavities  of  the  spots, 
and  of  the  uuevenness  of  the  mottled  parts.    It  exists  therefore  in 
the  manner  of  lucid  clouds  swimming  in  the  transparent  atmosphere 
of  the  sun ;   or  rather  of  luminous  decompositions  taking  place 
within  that  atmosphere. 

[Hirschel,  PhiL  Trans.  Abridged,  1795.] 
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OkOANtZATIOK  OP  TttB  CELESTIAL   SOOIES. 


A  KNOWLEDGB  of  the  construction  of  the  Iieaveas  lias  alwasf* 
been  the  oltimnle  ohJMt  of  niy  observations  and  liavio:;  lieea 
wtnj  ynn  mz-tffid  in  applying  my  forty,  twenty,  aud  liirpe  ten 
iMt  l#)e»ct>p<r!,  on  account  of  (heir  great  space -penetrating  power 
lo  («*jew  itic  matt  inlere^ttn;  nbjeclt  discovered  in  my  sweeps,  as 
wll  u  ttiotcwha  had  before  been  communicated  in  the  public  in 
(bf  Cautaiiiance  da  Tempt,  far  1784,  1  find  tliut  by  arrangiiiij  these 
tbjcel*  in  a  certain  ancce^sive  regular  order,  tlivy  may  be  viewed 
in  a  Mr<*  light,  and,  if  I  am  not  niialaken,  an  examination  of  llicm 
will  lead  10  conMi{ucnce$  wbieli  cannot  be  indifferent  to  an  inquir- 
ies Mdod. 

If  il  sbonhl  be  remarked  that  in  this  new  arrangement  I  am  not 
ratirHy  eoniistcnt  with  what  I  iiave  already  in  fi>rnier  )iapers  »aid 
on  the  nature  nf  tome  objects  ihnt  have  come  uniler  niy  observu- 
tkn,  1  mini  freely  coufeu,  that  by  continuing  my  swecpsi  of  ilit! 
hemtuk,  my  opinioa  of  the  arrangement  of  the  itatt  ujid  llieir 
and  of  some  olher  particulars,  has  undergone  a  gra- 
nge; and  indeed  when  the  novelty  of  the  subject  is  cuii- 
Mc  aumot  be  suqiriaed  lliat  many  thing*  formerly  taken 
fat  gnaletl,  slionid,  on  examination,  prove  to  be  dilferent  from 
what  ibey  vrtrc  generally,  but  incautiously,  supposed  to  be. 

For  iiutnnct;  an  eijual  scattering  of  the  stars  mny  be  admitted  in 
ccftain  ealeulations ;  but  when  we  examine  the  milky  way,  or  llie 
docely  enmprcaed  clusters  of  stars,  of  whicli  my  ealalogues  buve 
many  instances,  this  supposed  equality  of  scattering 
il  be  given  up.  We  may  also  bave  surmised  nebulK  to  be  no 
at  Ikai)  cluster!  of  stars  disguised  by  tbeir  vrry  great  distance, 
a  longer  experience  and  better  acqiiuinlanre  with  the  nature  of 
mlae,  vdl  not  allow  a  general  admission  of  such  a  principle. 
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although  undoubtedly  a  cluster  of  stars  may  assume  a  nebulous 
appearance  when  it  is  too  remote  for  us  to  discern  the  stars  of 
which  it  is  composed. 

Impressed  with  an  idea  that  nebulae  properly  speaking  were 
clusters  of  stars,  I  used  to  call  the  nebulosity  of  which  some  were 
composed,  when  it  was  of  a  certain  appearance,  resolvable^  but 
when  I  perceived  that  additional  liglit,  so  far  from  resolving  these 
nebulae  into  stars,  seemed  to  prove  that  their  nebulosity  was  not 
different  from  what  I  had  called  milky,  this  conception  was  set 
aside  as  erroneous.  In  consequence  of  this,  such  nebulae  as  after- 
wards  were  suspected  to  consist  of  stars,  or  in  which  a  few  m^ht 
be  seen,  were  called  easily  resolvable ;  but  even  this  expression 
must  be  received  with  caution,  because  an  object  may  not  only 
contain  stars,  but  also  nebulosity  not  composed  of  them. 

It  will  he  necessary  to  explain  the  spirit  of  the  method  of  arrai^. 
ing  the  observed  astronomical  objects  uudcr  cousideratiou  In  such 
a  manner,  that  one  shall  assbt  us  to  understand  the  nature  and 
construction  of  the  other.  This  end  I  propose  to  obtain  by  assort* 
ing  them  into  as  many  classes  as  will  be  required  to  produce  tiie 
moi^t  gradunl  affinity  between  the  individuals  contained  in  any  one 
class,  with  those  contained  in  that  which  precedes  and  that  which 
follows  it :  and  it  will  certainly  contribute  to  the  perfection  of  this 
method,  if  thb  connection  between  the  various  classes  can  be  made 
to  appear  so  clearly  as  not  to  admit  of  a  doubt.  This  considera- 
tion will  be  a  sufficient  apology  for  the  great  number  of  assortments 
into  which  I  have  thrown  the  objects  under  consideration ;  and  it 
will  be  found  that  those  contained  in  one  article,  are  so  closely 
allied  to  those  in  the  next,  that  there  is  perhaps  not  so  much  differ- 
ence between  them,  if  I  may  use  the  comparison,  as  there  would 
be  in  an  annual  description  of  the  human  figure,  were  it  given  from 
the  birth  of  a  child  till  he  comes  to  be  a  man  in  his  prime. 

The  similarity  of  the  objects  contained  in  eacli  class  will  seldom 
require  the  description  of  more  than  one  of  them,  and  for  this 
purpose,  out  of  the  number  referred  to^  the  selected  one  will  be 
that  which  has  been  most  circumstantially  observed ;  however,  those 
who  wish  either  to  review  any  other  of  the  objects,  or  to  read  a 
short  description  of  them,  will  find  their  place  in  the  heavens,  or 
the  account  of  their  appearance  either  in  the  catalogues  I  have 
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given  of  tb«ni  in  (he  Pliilos.  Trans.,  or  in  ihe  Camninamet  dta  Itmpt 
for  1 7S4,  Is  which  in  every  article  proper  refetraces  will  be  gntm 
fur  Ihr  nbjetb  under  coosiileraliuD. 

If  llie  4lc!icri)>lian  I  give  shouM  sometimes  differ  a  lillle 
wbkli  beloiigi  to  some  namber  referred  to,  it  tnusi  be  reaiciiiberi 
ttal  objacta  wbicb  bad  been  observed  many  limes,  could  u>i  br 
partienlsriy  md  compreliensibly  detxiled  in  the  contiocd  space  of 
tlie  aluAafam  ■«  I  now  may  describe  ihem :  additional  observaliom 
liave  aim  now  ami  idea  given  me  a  btlier  view  nf  llie  objects  tban 
1  bad  before.  This  remark  will  alwa\5applj  to  tlie  numbers  wliich 
refer  to  the  CownoUsancc  des  Temps ;  (at  llie  nebtilx  and  cluitcrs  of 
itan  are  there  m  imperfectly  deH:rU)eil.  tbat  my  owu  obiervalioD of 
iheoi  ailli  large  iiutrumenls  may  well  be  supposed  to  difter  entirely 
frnm  wbal  b  taki  of  tliem,  But  if  any  astronomer  ibould  review 
tbein,  with  Aich  high  space-peaet rating-powers,  as  are  absolutely 
mjuired,  it  will  be  fuuad  Ibdi  I  bave  classed  them  ver%'  properly. 

It  will  be  necessary  to  mealion  that  t)ie  nebulous  delineatiins  in 
the  fisure*  arc  not  iiileoded  to  represent  any  of  tlie  iudividuals  of 
the  obferti  which  are  described  otherwise  than  in  the  circumstances 
wbnrJf  are  common  to  the  nebulx  of  each  assortment :  the  irregn- 
Isriiv  of  a  figure,  for  instance,  must  stand  for  every  nlher  irregiila- 
rihr :  aod  llie  delineated  size  for  every  other  size.  It  will  however 
be  Men,  that  in  the  figure  referred  to  there  it  a  sufficient  rescm- 
bisnce  to  the  described  nebula  to  show  the  essential  features  of 
shape  umI  bngbtness  then  under  consideration. 

1.  Of  extensive  diji'used  Nebulosity. 

The  fir*t  article  of  my  series  will  begin  with  extensive  diffused 
nebnloiutv,  which  is  a  plieiiomenon  tliat  hitherto  lias  not  been  niudi 
noticed,  and  can  indeed  oaly  be  perceived  l,y  instruments  ihat  col- 
lect a  gr«al  quantity  of  light.  Its  existence,  when  some  part  of  it  b 
pointed  onl  by  objects  that  are  within  the  reach  of  common  tele- 
•cope*,  faaa  nevertheless  obtruded  itself  already  on  the  Itiiowlcdgc  of 
astraaomera,  as  will  be  seen  in  my  third  article. 

The  widely  diHiised  nebulosity  under  consideration  has  already 
been  partially  mentioned  in  my  catalogues*- 

■  8(v  PhiLTrsM.  for  I78B,  pa^-e  471 ;  for  1769,  |tt|;e  °fi6t  and  far  1B03, 
r^c  BOS.  Tlie  fitIiawio[  tm  nrbulwitiei  are  In  the  Vth  clut,  No.  13,  14, 
U.  IT,  98,  30,  31,  33,  34,  30. 
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The  description  of  the  object  I  shall  select  is  of  No.  14,  in  the 
5th  dass,  and  is  as  follows :  "  Eitreniely  faint  touching  nebiilo. 
"  sity;  its  whitishness  is  entirely  of  the  milky  kind,  and  it  is 
brighter  in  three  or  four  places  than  in  the  rest ;  the  stars  of  the 
milky  way  are  scattered  over  it  in  the  same  manner  as  over  tlic 
**  rest  of  the  heavens.  Its  extent  in  the  parallel  is  nearly  if  de- 
gree, and  in  the  meridional  direction  about  52  minutes^  The 
following  part  of  it  is  divided  into  several  streams  and  wiodflogs» 
"  which  after  separating,  meet  each  other  again  towards  the  south/ 
See  figure  1. 

Thb  account^  which  agrees  with  what  will  be  found  in  all  the 
other  numbers  referred  to,  with  regard  to  the  subject  under  coo« 
uderatioo,  namely,  a  diffused  milky  nebulosity,  will  give  us  already 
some  idea  of  its  great  abundance  in  the  heavens ;  my  next  article, 
however,  will  far  extend  our  conception  of  its  quantity* 

2.  Observations  of  Nebulosities  that  have  not  been  published 

before. 

'  It  may  be  easily  supposed  that  in  my  sweeps  of  the  heavens  I  was 
not  inattentive  to  extensive  diffusions  of  nebulosity,  which  occa* 
sionally  fell  under  my  observation.  They  can  only  be  seen  when 
the  air  is  perfectly  clear,  and  when  the  observer  has  been  in  the 
dark  long  enough  for  the  eye  to  recover  from  the  impression  of 
having  been  in  the  light. 

I  have  collected  fifty*two  such  observations  into  a  table,  and  have 
arranged  them  in  the  order  of  right  ascension.  In  the  first  column 
they  are  numbered ;  in  the  second  and  third  columns  are  the  right 
ascension  and  north  polar  distance  of  a  place  which  is  the  central 
point  of  a  parallelogram  comprehending  the  space  which  the  nebu* 
losity  was  observed  to  fill.    They  are  calculated  for  the  year  1800. 

The  length  and  breadth  of  the  parallelograms  are  set  down  in 
the  4th  and  oth  columns  in  degrees  and  minutes  of  a  great  circle* 
The  time  taken  up  in  the  transit  of  each  parallelogram  having  been 
properly  reduced  to  space  by  the  polar  distance  given  in  the  3d 
column,  in  order  to  make  it  agree  with  the  space  contained  in  the 
breadth  of  the  zone  described  by  the  telescope ;  the  dimensions  of 
the  former  space  therefore  is  in  the  parallel,  and  that  of  the  latter 
in  the  meridian*  My  field  of  view,  being  fifteeji  minutes  in  dia- 
meter,  its  extent  has  been  properly  considered  m  the  assigned 
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a  of  the  paraltelograms.  It  is  however  evkleat  that  Uie 
Emits  of  llie  sweeping  loae  leave  the  extent  of  the  nebulosiry  in 
Ae  nieriilian  unascertained.  The  beginning  of  it  is  equally  uncer- 
tain, since  the  nebulous  stale  of  the  heaveus  could  only  be  ooticed 
wliea  its  appearance  became  remarkable  enough  to  attract  alten- 
tisD.  Iht  ending  is  always  left  undetermined ;  for,  as  the  right 
'  MeOMioo  was  odI;  taken  once.  I  have  allowed  but  a  single  minute 
of  tiiBe  tat  the  extent  of  the  nebulosity  in  that  direction,  except 
where  tb«  time  was  repeatedly  taken  with  a  view  lo  ascertain  how 
bt  il  went  in  the  paiallel ;  or  when  the  circumslKnces  of  its  bright^ 
nest  pointed  out  a  longer  duration. 

The  tiilit  column  of  the  table  conteint  the  size  of  the  observed 
nebulosity  reduced  to  square  degrees  and  decimals,  computed  from 
Ihc  two  preceding  columns ;  and  in  the  last  I  have  given  llie  ac* 
count  nf  these  nebulosities  as  recorded  in  my  sweeps  at  the  time 
they  were  made :  namely,  williin  a  period  of  nineteen  years,  be- 
ginning  in  IJSS,  and  endii>iE  in  1802. 

When  this  account  says  affected,  it  is  intended  lo  mean  that  the 
ground  upon  which,  or  through  which  we  see,  or  may  see  stars,  is 
aSrclnd  wilb  nebuloblty. 
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In  looking  ortt  lliis  table,  it  may  be  noticed  thai  I  have  iuseried 
Kivenl  nebulo&ilKi  that  were  only  suapecled.  Had  I  been  less 
icnipulous  at  ibe  liniB  of  observaliou,  flie  word  su8|«cted  would 
geuerally  bavc  bceii  omitted ;  for  with  lliit  nc-bulosily,  as  well  u 
»ilb  tlie  ^reat  number  of  nebulae  that  in  my  catalogues  are  marked 
Mipected.  I  bave  almost  without  exception  found,  iu  a  second  re> 
item,  that  the  entertained  suspicion  was  either  fully  confirmed,  or 
tbal,  wilbout  having  had  any  previous  notice  of  the  former  obser-  , 
ndoo,  the  same  suspicion  was  renewed  when  1  came  to  the  same 
place  again. 

When  these  obserrations  are  examined  witli  a  view  to  improre 
oar  knowledge  of  the  construction  of  the  heavena,  we  see  in  the  firit 
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place  that  eiteniive  diffbsed  nebulosity  is  exceedingly  great  indeed; 
lor,  the  account  of  it^  as  stated  in  the  table,  is  151,7  square  de- 
grees ^  but  this>  it  must  be  remembered,  gives  us  by  no  means  the 
real  limits  of  it,  neither  in  the  parallel,  nor  in  the  mendum ;  more- 
over,  the  dimensioos  in  the  table  give  only  its  superficial  extent  | 
the  depth  or  third  dimension  of  H  may  be  far  beyond  the  reach  of 
oor  telescopes ;  and  when  these  considerations  together  are  added 
to  what  has  been  said  in  the  fbregomg  article,  it  will  be  evident  that 
the  abundance  of  nebulous  matter  diffused  through  such  an  expan- 
sion of  the  heavens  must  exceed  all  imagination. 

By  nebulous  matter  I  mean  to  denote  that  substance,  or  radier 
those  substances  which  give  out  light,  whatsoever  may  be  their  na- 
ture, or  of  whatever  different  powers  they  may  be  possessed. 

Another  remark  of  equal  importance  arises  from  the  considera* 
tion  of  the  observed  nebulosities.  By  the  account  of  the  table  we 
find  that  extreme  iaiatness  b  predominant  in  most  of  them;  which 
lenders  it  probable  that  our  best  instruments  wfll  not  reach  so 
far  into  the  profundity  of  space,  as  to  see  more  distant  diffusions 
of  it.  In  No.  44  of  the  table,  we  have  an  instance  of  faint  milky 
nebulosity,  which,  diough  pretty  bright  in  some  places,  was  com- 
pletely lost  from  faintness  in  others ;  and  No.  46  confirms  the  same 
remark.  It  has  also  been  already  mentioned  in  the  first  article, 
that  the  nebulosity  in  V.  14  was  brighter  in  three  or  four  places 
than  in  the  rest.  The  stars  also  of  the  milky  way  which  were  scat- 
tered over  it,  and  were  generally  very  smallj  appeared  with  a  bril- 
liancy that  will  admit  of  no  comparison  with  the  dimness  of  the 
brightest  nebulosity.  In  consequence  of  this,  we  may  already  sur- 
mise that  the  range  of  the  visibility  of  the  nebulous  matter  b  cout- 
fined  to  very  moderate  limits. 

3.  Of  Nebulonties  joined  to  Nebula. 

The  nature  of  diffused  nebulosity  »  such  that  we  often  see  it 
joined  to  real  nebulss ;  for  instances  of  this  kind  me  have  the  four- 
teen following  olyects*. 

The  account  of  the  three  first  nebulse  being  shortened  in  the 
catalogue,  I  give  it  here  more  at  length. 


•  See  I.  81,  207,  214.    IV.  4K    V.  32,  35,37,  44,  51,52.     Conuoissama 
da  nmpt  17,  42,  64,  78. 
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No.  SI  in  tbe  fint  clau  b  "  A  convidenble  bright  and  large  oe- 
"  buU.  Its  Dcbulosily  is  of  the  milky  kiud,  and  a  small  part  of  it 
"  is  conarferabl;  brighrcr  than  the  rest.  Tbe  gttatest  «itt«it  of 
"  the  inilkians  b  pivcediug  the  bright  part,  and  the  lertnination  of 
••  il  ii  impcmptible."  To  No.  SO?  should  be  added,  "  1 
*•  lojoiB  to  inipcrce|>lible  nebulosity  on  the  south  pretedin 
■ad  to  No.  214,  "  It  tennioales  abruptly  to  the  norlb  and  is  dif>  j 
"  futed  to  the  south,"     Sec  lig,  3. 

No.  At  of  the  Connoissance  is  llie  great  nebula  in  tbe  conslellatioa  1 
of  Orion  diKovered  by  Huyghens.  This  highly  interesting  object  | 
eogaged  my  attention  already  in  the  beginning  of  the  year  1774^ 
wbeo  neviug  it  with  a  Newtonian  reflector  I  made  a  drawing  of  it, 
«o  which  I  shall  have  occaiion  hereafter  lo  refer ;  and  having  from 
limeto  limie  reviewed  it  witb  my  large  instruments,  it  ntay  easily  be 
suppowd  thai  it  was  the  very  first  object  to  which,  in  February 
]7S7>  I  directed  my  forty  feet  telescope.  The  superior  tight  of 
Ihti  instrument  showed  it  of  such  a  magnitude  and  brilliancy  that, 
judging  from  these  circumstances,  we  can  hardly  have  a  doubt  of 
its  being  the  nearest  of  all  the  nebul*  in  the  heavens,  and  as  such 
will  afibrd  as  many  valuable  informations.  1  shall  however  now 
only  notice  that  I  have  placed  il  in  ibe  preaent  order  because  it  con* 
nKts  in  one  object  the  brightest  and  faintest  of  all  nebulosities, 
and  thereby  enables  ui  to  draw  several  conclusions  from  its  various 
appearaacc. 

The  first  is  lliat  tlie  extensive  diffused  nebulosities  contained  in 
the  objects  of  the  preceding  articles  are  of  tbe  same  nature  with  the 
ncbulotily  in  this  great  nebula ;  for  when  we  pursue  it  in  its  exten- 
sive coarse  it  assumes  precisely  the  same  appearance  ui  the  bcforea 
mentioucd  diffiiacd  nebulosities. 

Tfie  second  consequence  we  may  draw  from  the  circumstance  of 
its  containing  both  the  briglilest  and  faintest  nebulosity  joined  in 
one  object,  is  a  confirmation  of  an  opinion  already  conceived  iti  the 
second  article,  namely,  that  the  range  of  the  visibility  of  nebulous 
taaiter  is  what  n»y  be  called  very  limited.  The  depth  of  the  ne- 
bula may  undoubtedly  be  exceedingly  great,  but  when  we  consider 
that  its  greatest  brightness  does  not  equal  that  of  small  telescopic 
■tan,  as  toay  be  seen  by  comparing  four  of  them  situated  within 
tbe  indoaed  darkneis  of  the  nebula,  and  several  within  ilb  brightest 
f3 
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appearance,  with  the  intensity  of  the  nebuloust  light;  it  cannot  be 
expected  that  such  nebulosities  will  remain  visible  when  exceedingly 
father  from  us  than  this. prime  nebula:  the  ratio  of  tlie  known 
decrease  of  light  will  not  admit  of  a  great  range  of  visibility  within 
the  narrow  limits  whereby  this  shining  substance  can  afiect  the  eye. 
From  this  argument  a  secondary  conclusion  may  be  ilrawn, 
which  adds  to  what  has  already  been  said  in  the  foregoing  article, 
namely,  that  if  our  be;it  telescopes  cannot  be  expected  to  reach  the 
nebulous  matter,  which  by  analogy  we  may  suppose  to  be  lodged 
among  the  very  small  stars  plainly  to  be  seen  by  them  ;  the  actual 
quantity  of  its  division  may  still  larther  exceed  even  the  vast 
abundance  of  it  already  proved  to  exist,  A  nebulous  matter,  di& 
fused  in  such  exuberance  throughout  the  regions  of  spaoe,  must 
surely  draw  our  attention  to  the  purpose  for  which  it  probably  may 
exist ;  and  it  must  be  the  business  of  a  critical  inquirer  to  attend  In 
all  the  appearances  under  which  it  will  be  expoMi  to  liis  view  in 
the  follonring  observations. 

4.  Of  detached  Nebulosities. 

The  nebulodties  of  the  preceding  articles  are  not  restricted  to  an 
extensive  diffusion ;  we  meet  with  them  equally  in  detached  eolr 
lections;  I  shall  only  mention  the  following  six *• 

V.  21  consists  of  **  A  broad  iaint  nebulosity  extended  in  the 
*'  form  of  a  parallelogram  with  a  short  ray  from  the  preceding 
**  comer  towards  tlie  south.  Tlie  nebulosity  is*  nearly  of  an  equal 
^  brightness  throughout  the  parallelogram,  which  is  about  8'  long 
*'  and  5  or  6'  broad,  but  ill  defined;**    See  Fig.  3,  «,  h  c. 

5.  Of  milky  Nubulcs. 

When  detached  nebulosities  are  small  we  are  nsed  to  call  them 
nebulae,  and  it  is  already  known  from  my  catalogues  that  theur 
number  is  very  great.  It  will  therefore  be  sufficient  to  refer  only 
to  a  few,  of  which  the  nebulosity  is  of  the  milky  kiudf* 

No.  9  it'  the  5th  class  is  "  A  large,  extended,  broad,  faint  ne« 
^  bula ;  its  nebulosity,  like  that  of  the  preceding  one  (which  is  De 

•  See  I.  98.     V.  an  S&,  36,  41,  48. 

t  See  I.  804.    Ul.  116.    IV.  7,  80,  SO.    T.  9,  85. 
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"  la  Otill«'*  Ia«t  but  one  ia  the  catalogue  does  Nd>uteuB«s  du  Ctel 
"  Austral)"  is  of  the  niiili<^  kind." 

The  only  purpose  for  whicli  the  oebuls  of  these  two  classes  liiv« 
been  pUced  Id  this  conoection,  is  to  show  that  large  detached  riebU' 
lositirt,  whatever  may  be  Ibeir  appearance,  as  well  at  Uiose  nebulae 
rxpmsfy  called  tuilby,  partake  of  the  general  oaiure  of  the  diffused 
uebulom  Dialler,  pointed  out  iu  the  preceding  articles. 

G.  Of  milky  Nebula  with  Condensation. 

In  looking  at  llie  beautiful  nebula  in  Orinn  ;  tn  which  I  refrr, 
becaiue  wvj  cammon  good  telescope  will  show  it  suflicienlly  welt 
fof  Ibe  pnseai  (nirpose  :  we  perceive  thai  it  is  doI  ei^ually  bright  in 
all  tt«  parts,  but  that  its  light  n  more  condensed  in  some  plates  lliao 
in  olhen.  The  idea  of  condensation  occurs  so  naturully  to  us  whea 
we  >ee  a  gradual  increase  of  light,  that  we  can  hardly  find  a  mor« 
intelligible  mode  of  expressing  ourselves  than  by  calliug  it  con' 
demed.  The  numerous  iiutances  tbat  will  be  given  hereafter  of 
nebulK  that  tiave  this  kind  of  condensation,  renders  it  unoecesswy 
to  refer  to  more  than  the  following  four  t. 

The  fini  of  these,  No.  1 1  in  the  first  class,  is  "  A  bright  nebuim 
••  of  some  extent,  aliliough  not  very  large.  It  is  of  an  irregulu 
"  figure,  and  the  greatest  brightness  lies  toward;  the  middle.  Tbt 
••  trhilisfaoess  of  this  nebula  is  of  the  milky  kind."     See  figure 

By  attending  to  the  circuiustances  of  the  size  and  ligure  of  tbft  } 
nebida,  we  find  that  we  can  account  for  its  greater  bnghtne 
wards  ihe  middle  in  the  most  simple  manner  by  supposing  the  IH^ 
foulous  mailer  of  which  it  is  composed  to  fill  an  irregular  kind  of 
tolid  space,  and  that  it  is  eilbci  a  little  deeper  in  the  brightest  plac^ 
m  that  the  nebulosity  is  jterhaps  a  little  more  compressed.  It  1  *j 
not  necessary  for  u3  to  dclermine  at  pre^iit  to  which  of  theti  1 
causes  Ihe  incicase  of  brightness  maybe  owing;  atalleveniaft 
cannot  be  probable  that  Ihe  nebulous  matter  should  have  diflerent  * 
powen  of  thining  such  as  would  be  required  independent  of  deptb 
or  compremon. 
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7.  Of  Nebula  which  are  brighter  in  more  than  one  place. 

It  is  not  an  nnconunon  circumstance  that  the  same  nebula  is 
brighter  in  several  different  places  than  in  the  rest  of  it9  compast. 
Tlie  following  six  are  of  this  sort  *• 

No.  213  in  the  first  class  is  **  A  very  brilliant  and  considerably 
^'  large  nebula,  extended  in  a  direction  from  south  preceding  to 
**  north  following.  It  seems  to  have  three  or  four  bright  nndei^" 
See  ng.  5* 

From  this  construction  of  the  nebula,  we  may  draw  some  additi- 
onal information  concerning  the  pomt  which  was  left  undetermiiied 
m  my  last  article ;  for  since  there  it  was  proposed  as  an  alternative, 
that  the  ndnilous  matter  might  either  be  of  a  greater  depth  or  more 
compressed  in  the  brightest  part  of  the  nebula,  then  under  conside* 
lation,  we  have  now  an  opportunity  to  examine  the  probabili^  of 
each  case.  If  here  the  appearance  of  several  bright  nuclei  is  to  be 
explained  by  the  depth  of  the  nebulous  matter,  we  most  have  n^ 
course  to  three  or  four  separate  very  slender  and  deep  prqiections,  all 
aituated  exactly  in  the  line  of  sight;  but  such  a  very  uncommon  ar- 
Itngement  of  nebulous  matter  cannot  pretend  to  probability;  whereas 
a  modemte  condensation,  which  may  indeed  bealso  accompanied  with 
•ome  little  general  swelling  of  the  nebulous  matter  about  the  places 
which  appear  like  nuclei,  will  s^tisfiictorily  accoqnt  ibr  tbeir  snpe* 
lior  brightness. 

The  same  inetbod  of  reasoning  may  be  as  successftdly  applied  to 
CXfrfain  the  number  of  unequally  bright  places  m  the  diflhsed  nebu* 
luetics  whicli  have  been  described  ni  the  isti  ^  and  3d  articles. 
For  instance,  in  the  branchuig  nebulosity  V.  \4,  we  find  three  or 
ifbur  places  brighter  than  the  rest-^in  the  nebulosity  No,  44,  of  the 
table  we  have  places  of  different  brightness.  In  the  nebula  of  Orioq, 
there  are  many  parts  that  difier  much  in  lustrei  and  in  V.  37  of  the 
'  same  article  I  tbiind,  by  an  observation  in  the  year  1790,  the  same 
variety  of  appearance.  In  all  these  cases  a  proportional  condensa- 
tion of  the  nebulous  matter  in  the  brighter  places  will  sufficiently 
iwxount  for  their  different  degree  of  shining^ 

This  way  of  explatnhig  the  observed  appearances  being  admitted, 
it  will  be  proper  to  enter  mto  an  examination  of  the  probable  cause 


•  Sect.  165,  313, 861.    0.897,406.    HI.  49. 
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of  tbe  coadvDwtion  of  ibe  nebuiout  mailer.  Should  ibe  n«c*^l]r 
CO odensing  cause  betliougUt  to  be  admitted  upon  loo 
iliglit  an  indiiction,  a  more  detailed  support  of  it  will  bereafler  be 
fouitd  in  tbe  condition  of  sucb  a  copious  collection  of  objects,  as  will 
eataUisli  its  exi»tcoce  beyond  all  pouibility  of  doubt*. 

lostcad  of  inqairJDg  atler  the  nature  oF  the  cause  of  the  condensa* 
lion  of  nebulous  matter,  it  would  indeed  be  sudicient  for  the  present 
piirpoae  to  cal)  it  merely  a  condensing  principle ;  but  since  we  are 
already  acquainted  wit  It  tlie  centripetal  force  ufatlraction  which  gives 
a  globular  ligure  (o  plauels,  keeps  them  from  flying  out  of  iheit 
orbits  in  tangents,  and  makes  one  star  revolve  aroimd  another,  why 
ftliould  we  no)  look  up  to  the  universal  gravitation  of  matter  as  the 
cause  af  every  cotidensation,  a  ecu  m  illation,  compression,  and  con- 
centnlioii  of  tite  oebidous  matter  t  Facts  are  not  wanting  to  prove 
that  such  a  power  has  been  exerted ;  and  as  1  shall  point  out  a  !ie- 
ries  of  pliznomena  in  the  heavens  where  astronomers  may  read  in 
Irjible  characters  the  manifest  vestiges  of  such  an  exertion,  1  need 
Dot  hesitate  to  proceed  in  a  few  additional  remarks  on  the  con&e- 
qitences  that  must  ari'te  from  the  admission  of  this  attractive  priu- 
cipfc. 

Tbe  nebula,  for  iaslaoce,  which  bas  been  described  at  tbe  begin- 
taog  of  Ibis  article,  as  containing  several  bright  nuclei,  lias  proba- 
bly  ao  many  predominant  seats  of  attractiou,  arising  from  a  supe- 
rior picpouderance  of  the  nebulous  mailer  in  those  places;  but 
attraclion  being  a  principle  which  never  ceases  lo  acr,  the  con«e< 
ijnence  of  its  continual  exertion  upon  this  nebula  will  probably  be  a 
division  of  it,  from  which  will  arise  three  or  four  distinct  nebula. 
la  tbe  nine  manner  its  operation  on  the  diffused  nebulosities  ihal 
have  roan;  difli:rent  bright  places,  will  pofisibly  occasi<in  a  breaking, 
up  of  tbcm  into  smaller  diffusions  and  detached  nebulce:  but  before 
J  proceed  with  coqjectures,  let  us  see  what  observations  we  Iiavp  to 
gifc  counleoaitce  to  sucb  expectations. 

6.  Of  double  Nebula  sith  Joined  Nebulosity. 
In  iddhion  to  the  instances  referred  lo  in  the  preceding  article,  of 


A 
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neboliB  (hit  ha^  more  tfaao  oae  centre  of  atfractiofi,  I  girt  the  fof* 
iowiog  list  of  what  may  be  called  doable  nebuls  ^ 

TMdl6*fh  nebula  in  tlie  second  class  to  which  in  the  catalogue  is 
joined.tbc  317lh,  consists  of  **  two  small  faint  nebalae  of  an  equal 
**  size  within  T  of  each  other.  Each  has  a  seeming  nocleus,  and 
^*  their  apparent  nebulosities  run  into  each  other.  Their  relative 
f*  position  ti  ki  a  direction  from  south  preceding  to  north  following/' 
fiee  Fig.  6,  a  and  b. 

Each  of  the  fifteen  objects  referred  to  contains  two  nuclei  or  cen« 
ters  of  attraction,  and  if  the  actife  |»riuciple  of  condensation  carries 
on  its  operation,  a  division  of  their  at  present  united  nebulosities 
must,  in  thei^nd,  be  the  consequence.  I  have  given  two  figures  for 
tbe  same  double  oebulsB,  For  altfiougb  the  nebulosities  of  figure  b, 
fvhea  teen  in  the  direction  of  the  dotted  lines  will  appear  to  run  to* 
^ther,  they  may  'nevertheless  bt  at  some  small  distance  from  each 
«ther ;  but  the  same  caa^  which  will  bring  on  a  separation  of  it  in 
Hgtire  a,  will  am  make  two  distiuet' nebulae  of  figured. 

With  regard  to  their  being  double  nebulae,  it  may  be  objected 
4bat.  thb  double  appearance  may  be  a  deception ;  and  indeed  if  thb 
were  a  double  star,  instead  of  a  double  nebula,  there  might  be  some 
foora  for  sueh  a  surmise.  But  on  two  accomits  the  case  is  very  dif- 
lerent  In  the  Aat  place,  we  have  not  nebulee  without  number  at 
-all  distances  to  which  we  might  have  recourse,  in  supposing  one  to 
be  far  behind  the  ot&er»  as  we  have  stars  behind  stars  to  produce  an 
appearance  of  their  being  double.  In  the  next ;  if  what  has  been 
aaid  of  the  confined  range  of  the  visibUity  of  tbe  nebalons  matter  be 
lecollected,  especially  where  it  b  so  faint  as  in  tbe  double  nebula 
which  has  been  described,  we  cannot  harbour  an  idea  that  the  two 
objects  of  which  it  b  composed  are  very  far  asunder.  Add  to  thb 
their  great  resemblance  in  sise^  m  faintness,  m  nucleus,  and  in  their 
nebulous  appearance ;  finora  aU  which  I  believe  it  must  be  evident 
that  their  nebulosity  has  originally  belonged  to  one  conmion  stock. 

Q.  OfdoMilt  Hah^la  that  art  noi  more  than  two  Minutes  from 

each  other. 

To  add  to  the  probability  of  the  separation  of  nebulae,  we  ought 


•  Sec  1.56,  176,  178,  193;    U,  «0,  «71,  309,  316,  83«.    HI.  *5,  644. 
IV.  8,28,  CotiMiiSn  S7,  61. 
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to^lnve  a  cooiideTable  number  of  tliern  already  separated.  Tbe  fol- 
lowing Iwenly-lhree  ure  cotnpielely  divided,  alltiougb  oot  more  than 
Iwn  minocti  frutu  one  anoihet  *. 

AdeKription  ofll.  7U  i*  "  Two  pteriy  bright  nebula  :  t bey  are 
"  bolb  roumJ,  small,  and  about  2'  Troiu  each  other,  in  a  meridional 
"  rlireclion. 

Of  111,  7J5  is  "  Two  very  faint,  very  iniall  extended  nebula 
"  witbin  l|'  from  each  olher. 

Tbkt  alJ  tbcM  nebulx  are  really  double,  is  founded  on  tbe  reason 
aUvotly  auigned  in  the  last  article.  Then  if  we  would  enter  iota 
tome  kiodftf  examintttimi  how  they  came  lo  be  arranged  into  their 
li'uurjr  orderi  we  caonot  have  recourse  lo  a  promiscuous  scattering, 
wbicfa  by  a  calculation  of  chances  can  never  accoQut  for  such  a  pecu- 
liir  ifittribulion  of  them.  If,  on  ihc  contrary,  we  look  to  a  division 
of  nebulous  matter  by  the  condensing  principle,  tlian  every  parcel  of 
it,  wbicli  had  more  than  one  prepondertiling  seat  of  attraction  in  iti 
cktent,  must  in  tbe  progress  of  time  have  been  divided. 

No  doolil  can  be  suggested  ou  account  of  tlie  great  length  of  time 
■Bcb  a  diriaion  taait  have  taken  up,  when  we  have  an  eternity  of  past 
duralioii  to  recur  lo, 

10.  Of  doubte  Nebula  at  a  greater  dislaact  thai  "^  from  each 
other. 
It  naj  w»II  be  supposed  that  more  than  one  attractive  center  would 
nal  be  M  frequent  a  case  In  small  distances,  ui  in  nebulosities  of  a 
more  cxlended  compass ;  accor^inuly  we  find  that  separated  nebula 
■t  nKire  (ban  2'  from  each  other  are  much  more  numerous, 
'nwfiiUiMing  101  double  nebulK  referred  to  wilt  confirm  thti 
•MemeM*. 

•  5cel.  Its.  190,  19T,  II.  8,  SB,  H,  111,  ITS,  UO.  714.  lU.  93,  lii, 
1*3,  iPI,  fier,  119,  735,  8i5,  SBfi,  9*3,  B5«,  959,  967. 

•  flc«  I.  iS,  36,  90,  US.  II.  n.  4t,  a,  61,  74,  84,  S5,  115.  IIB,  Ui, 
IM,  153,  \e1,  919,  3i8,  333,  333,  3BB,  43r>,  499,  455,  SIB,  346,  550, 
J*>.  *t4,  dW,  6M,  695,  IJl.  764,  787.189,  S41,  AM,  865,  868,  III.  9, 
»,  as,  44,  51,  63,  VI,  117.  191,  irt,  199.  13B,  154,  159,  169,166,  167, 
in,  I9«,  199,  910,  916,  331,  950,  IVt,  306,  3S3.  535,  344.  351,  377, 
409,  »0t.  407.  4ir,,  49a,  431,  511,  546,  551,  579,  574,  594,  699,  635, 
€57,  fr.i,  TO7,  758,  7BI,  19B,  800,  BOS,  B»7,  fl6y,B97,  917,  957,  939,  974. 
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No,  36  and  87  in  the  first  class  are  ''  Two  small  bright  nebulae^ 
•^  both  a  little  extended.** 

No.  74  and  75  in  the  seeond  class  are  **  Two  pretty  bright  nebu* 
^  Ise;  the  preceding  of  them  is  almost  round ;  the  following  very 
^  much  extended  in  length ;  they  are  not  hr  from  the  same  paral* 
^  Mf  and  aboot  8  or  10"  distant  from  each  other.  ** 

No.  127  aod  128  in  the  third  class  are,  ^  Two  extremely  faint  ne- 
^  bulae«  about  3'  from  each  other*  and  nearly  in  the  sane  panllel* 
<*  The  second  is  a  very  little  brighter  than  the  first,  and  is  of  an 
''  nrregular  round  figure.** 

It  is  remarkable  that  in  the  description  of  all  these  101  nebnlse, 
there  are  not  more  than  five  or  six  which  diffi^r  so  ranch  in  bright* 
ness  from  one  another,  that  we  conM  suppose  them  to  be  at  aay 
considerable  difierent  distaoee  from  us ;  and  equal  brightness  or 
ftintness  runs  through  them  all  in  general ;  but  suppoaiag  that  any 
two  nebulsB  should  even  differ  as  much  from  one  another,  as  the 
set  of  the  first  class  which  has  been  described,  is  diflmnt  from  the 
Aintness  of  the  last  described  set,  yet  thb  would  not  neariy  amount 
to  the  difierencein  the  brightness  of  one  part  of  the  nebnk  in  Orion 
from  that  of  another  of  the  same  nebula. 

11.  Qf  trebUf  quadruple^  and  $€xtupk  NebuUi. 

If  it  was  supposed  tl|at  double  nebulsi  at  some  distance  from 
each  other  would  frequently  be  seen,  it  will  now  on  the  contrary 
be  admitted  that  an  expectation  of  finding  a  great  number  of  at* 
tracting  centers  in  a  nebulosity  of  no  great  extent  is  not  so  proba* 
ble  ;  and  accordingly  observation  has  shown  that  greater  oombina- 
tions  of  nebulss  than  those  of  the  foregoing  artide  are  less  fre- 
quently to  be  seen.  The  following  lot  however  contains  20  treble, 
5  quadniple,  and  I  sextuple,  nebulss  of  this  sort  \ 

Among  the  treble  nebulse  there  b  one,  namely^  V*  IQ,  of  which 
the  nebulosity  is  not  yet  separated.    *'  Three  nebuhe  seem  to  join 

faintly  together,  forming  a  kind  of  triangle ;  the  middle  of  which 

is  less  nebulous,  or  perhaps  free  from  nebulosity ;  in  the  middle 


4t 
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•  9t€  trtbU  neM^t.     I.  17.     |I.  50,  183,  141,  171,  815,  398,  447.  III. 
85,  94,  117,  156,  300,  358,  388,  598,  873,  900,  945.     Y.  10. 
Qmadnipk.    II.  488,  568.     IIL  356,  358,  568. 
iextupte.    111.  391. 


NSTROCTION    OF    THE     HEAV£NS. 


"  of  the  tiianglc  ia  a  double  star  or  the  2d  or  3d  class  ;  uore  faint 
"  nebulosities  are  followiug." 

Among  Ibe  ((uadniple  Dcbulx  we  have  III.  338.  '■  Four  nebulae, 
"  all  wiibio  three  minutes.  The  largest  n  fuiiit  and  small )  the 
"  other  three  are  less  and  fainter.  They  form  a  small  quartile,  the 
"  lirgcfl  being  the  most  north  of  the  preceding  side." 

••  The  nebutie  which  form  the  sextuple  oiie  are  all  serj  faint 
"  and  very  smill :  they  lake  up  a  spdte  of  more  than  10  or  13 
'*  minutes." 

12.  Of  the  remarkable  Situation  of  Nebu/tr. 

The  number  of  compound  nebulae  that  have  been  noticed  in  the 
foregoing  lliree  articles  being  so  considerable,  it  will  follow,  that  if 
tbey  owe  their  origin  to  the  hreakiag  up  of  some  former  extensive 
oebulotitietofthesamenaturewith  those  which  have  been  shown  to 
eiist  at  present,  we  might  expect  that  the  number  of  separate  ne- 
bula: should  fai  exceed  the  former,  and  that  moreover  these  scattered 
ncbulK  should  be  found  not  only  in  great  abundance,  but  also 
in  proximity  or  continuity  with  each  other,  according  to  the  dif> 
fercnt  exlenls  and  situatioiis  of  the  former  diffusions  of  such  nehu- 
lous  matter.  Non  this  is  exactly  what  by  observatiou  we  find  to 
be  the  slate  of  the  heavens. 

In  the  following  seven  assortmeuta  we  have  not  less  than  424 
ncbulK ;  some  of  them  of  unascertained  size,  figure,  or  condensa- 
tion ;  and  Ibe  rest  with  only  the  first  of  these  three  essential  features 
recorded. 

Tbe  reaion  for  not  having  a  more  circumstantial  account  of  such 
a  number  of  otyects,  is  that  they  crowded  upon  me  at  the  time  of 
swetpuig  iuiuch  ciuick  succession,  that  of  sixty>one  I  could  bui  just 
icmre  the  pitce  m  the  heavens,  and  of  the  remaining  three  bun* 
drrd  and  tixlj-tbree,  I  had  only  time  to  add  the  relative  size*. 

•  8rc  lirtfou  miMr.  U.  30,  M.  6B,  7U,  109,  lU,  117,  1S5,  133. 
170,  17*,  176,  3+^,  361,  390,  391,  496,  499.  S*l,  548,  543,  S79,  i73, 
639,  631.  S06,  89B.  III.  'iS,  36,  31,  S3,  39,  41,  42,  S9,  1S3,  1S9.  193, 
KU,  3»,  333,  363,  364,  365,  390.  413,  43a,  4B1,  4B3,  482,  484,433,659, 
eiO,  70S,  796,  819,  930.  934,  936.     Coanoia.   84. 

IVa  4itftmlt  iBuU  ntiula.  III.  98,  108,  194,  105,  330,  S3B,  297,  MC, 
Hi,  639. 

OmiMmdn4amdtMrls-iix  Dtrg  imaa  m,Mw.  11.49.  64,  67.79,  91,  93, 
■n,  3M,  367,  4«4,  49T,  537,  544,  640,  HI,  675,  7!0,  134,  799,  876,  III. 
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Nehhcr  of  the  nebulae  in  these  leven  di? isions  will  require  a  de« 
0cription,  as  the  title  of  each  assortment  contains  all  that  has  been 
ascertained  about  them  i  but  their  number  and  situation,  especially 
when  added  to  those  that  will  be  contained  in  the  following  articles, 
oonplelely  supports  what  has  been  asserted,  namely,  that  the  pre 
•ent  state  of  the  beat  ens  presents  us  with  several  extensive  collec- 
tiou  of  scattered  nebulae^  plainly  indicating  by  their  very  remarkable 
arrangement^  that  they  owe  their  origin  to  some  former  common 
stock  of  nebulous  matter. 

To  refer  astronomers  to  the  heavens  for  an  inspection  of  these 
and  the  following  nebulse,  would  be  to  propose  a  repetition  of  more 
than  eleven  hundred  sweeps  to  them,  but  those  who  wbh  to  have 
some  idea  of  the  nebulous  arrangemeuts  may  consult  Mr.  Bode*s 
etcellent  Atlas  Ccelestis*  A  succession  of  places  where  the  nebulae 
of  my  catalogues  are  uncomniooly  crowded,  will  there  be  seen  be- 


6,.  13,  29,  34,  34,  37,  38,  104,  121,  140,  164,  166.  186,  190,  237,  247, 
255,  283,  285,  302,  303,  304,  309,  315,  317,  319,  325,  326,  333,  338, 
339,  343,  354,  385,  386,  387,  389,  398,  411,  412,  421,  425,  430,  433, 
435,  437,  443,  444,  453,  459,  460,  467,  470,  501,  507,  509,  525,539,544, 
578,  579,  607,  618,  623,  625,  634,  638,  640,  641,  645,  650,  652,  659, 
666,  702,  704,  708,  716,  718,  731,  733,  738,  762,  766,  775,  787,  788, 
789,  799,  803,  809,  827,  831,  833,  836,  837,  838,  839,  848,  849,  866.  875, 
§83,  884,  894,  895,  905,  912,  913,  919,  956,  960,  961,  962,  965,  966. 

Forty-iwo  net  very  immll  Hebut€t.  1.119.  IT  65,  73,  100,  163,  248,327, 
352,  375,  382,  472,  606,  639,  765,  821,  838.     III.  17,  30,249,  281,  321, 

327,  366,  375,  504,  548,  615,  628,  647,660,667,698,  712,715,  734,751, 
-773,  774,  840,  850,  941.     Connoit.  89. 

One  hundrtd  and  seven  trnall  uebuUe,  I.  25,  123.  II.  18,  42,  46,60,  71, 
92,  94,  169,  264,  294,  324,  343,  350,  35 J,  316,  363,  374,  379,  38J,  395, 
996,  397,  398,  441,  493,  512,  529,  530,559,  577,578,  678,  710,  743,  778, 
^79,  794,  800.     III.  «5,  48,  57,  59,  60,  69,  74,  192,  206,  235,  243,  308, 

328,  329,  334,  337,  350,  380,  420,  446,  458,  462,  464,  475,  478,  502, 
516,  517,529,  550,  588,  611,  651,  661,664,  668,  721,  722,  723,729,761; 
763,  769,  779,  780,  794,  797,  814,  826,  833,  841,  843,  861,  880,  881, 
894,  915,  924,  925,  926,  927,  928,  939,  950,  951,  954,  969. 

Fiftjf^gkt  pretiy  large  nebuUe.  I.  22,  24,  85,  169,  283.  II.  34,  83, 
J07,  119,  137,  146,  292,  342,  358,  362,  366,  380,  383,  384,  385,  386, 
387,  419,  498,  638,  652,670,  713,  745.  801,  844,  862,  903,905.  III.  14, 
18,  40,  70,  75,  76,  102,  213,  261,  279,  318,  340,  367,  372,  374,  415, 
454,  473,  503,  543,  599,  662,  790,  970. 

Ten  large  nOulm.  II.  106,  120,  175,  176.  III.  28,  361|  440,  480.  Y.  6. 
C9nn9Ui,  58. 
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[  over  tbe  (ail  of  Hydrn,  and  proceedii^  to  the  ^oulliem  I 

Ihc  boily  aiid  the  northern  wing  of  Vireo,  Plale  U.     Then  I 

la  Coma  Bemiices,  Citnca  venatict,  and  the  preceding  arm  «f  Bootei, 
Plale  7-  A  different  braucb  goes  from  Cuina  Ber^nicex  lo  the  fiind 
Irgs  of  Uran  nu^or.  Another  branch  passei  from  the  wing  of  Virgo 
lo  llie  larl  and  body  uf  Uu,  Plate  8. 

It  will  not  be  necessary  to  point  out  many  other  stnnller  coUeo 
tioos  which  may  be  fonnd  in  several  plates  oflhe  time  Alias. 

On  tbe  otlwr  hand,  a  very  dilfei«nt  aspect  of  the  iieaveoa  will  be 
perceived  wbeu  we  enaniiiie  the  following  comlellalioiia.  Dtgin- 
ningfrom  ihe  bead  of  Capricorn,  Plate  16,  thence  proreedini;  loAa- 
linoiM,  to  Ihe  tail  of  Aquila,  Plate  9,  to  Ranind  Cerbenii,  and  (he 
body  of  Hercules  P'^tc  8,  lo  Quudrans  Muralis,  Plnie  7,  and  lo  llie 
bead  of  Draco,  Plate  3.  We  may  also  examine  the  cousleltaliuus 
of  Auriga,  Lynx,  and  Camelopardalus,  Plate  5. 

tn  this  second  review,  it  will  be  found  that  here  the  absence  of 
nebulie  i«  ai  remailuible,  aa  the  great  multitude  of  tbem  in  tbt  iint 
nicniioncd  series  of  coustetiatious. 

13.  Of  very  narrovB  long  Nebu/ic. 

In  order  to  advance  in  our  knowledge  of  Ihe  condition  of  the 
ncbulotu  Rtatler,  we  may  investigate  the  form  of  its  expansion  by_ 
tite  figure  of  the  nebuTs  that  have  been  observed.  The  following 
fiv«  are  particular  instances  of  some  that  were  much  extended  Ja 
Icuglhibut  very  liule  in  breadth*. 

No.  25*  in  the  3d  class  is  "  A  very  ^iiit  nebula,  extended  from 
"  north  preceding  to  south  followtag.  It  is  aboat  5'  long  and  less 
"  than  J  minute  broad."     See  fig.  /• 

Tbe  espioiion  of  the  nebulous  matler  in  general  may  be  consi- 
dered «  couittiag  of  three  dimensions;  these  may  all  be  eiiher 
near!;  equal,  oroiteof  Ihem  may  be  much  less  than  the  other  two; 
or  Ihe  extent  of  two  of  them  may  be  very  inferior  to  that  of  the 
third.  The  nebuln  which  have  now  been  referred  to  exclude  a  m- 
bulosily  of  three  nearly  equal  dimensions,  which  can  never  be  -.n-a 
under  leu  than  two  of  them.  When  (wo  ofthe  dimen5iun>  of  the 
nebulous  mailer  are  nearly  equal,  one  of  them  may  indeed  be  \>ily 
niible;  but  then  the  diaoce  tliat  the  other  should    be  exactly 


33.  eoe.    lit.  Sjl,    IV.  73.    V.  30. 
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panlM  to  the  lineofs^t,  ii  by  no  nMoos  fiifounbk.  The  Most 
pfaiutible  waj  of  accomltiog  for  the  apptient  figure  of  thete  nebiilK 
u,  tbereforei  to  admit  that  the  expansioo  of  the  nebuloeity  eoonstt 
indeed  of  a  very  narrow  length,  and  not  mnch  depth.  ThU  feim 
when  aioribed  to  nebolout  matter*  is  soflkiently  uncommon  for  n» 
to  expect  to  see  many  nebulae  of  the  figure  of  extended  rayf« 

14.  Cf  extended  Nebulte, 

This  class  of  nebul«e»  which  are  diiefly  extended  id  length*  but 
at  the  same  time  have  a  considerable  breadth*  b  very  numerous.  I 
have  divided  the  nebulc  it  contains*  which  are  384*  into  five  assort* 
ments  as  follows  *. 

II.  514  b  "  A  foint  nebula  extended  from  south  preceding  to 
**  north  following ;  it  b  about  2'  long  and  1'  broad.'*    See  fig.  8» 

III.  523  b  '*  A  very  fault  nebula  extended  from  sooth  preced- 
^  ing  to  north  following;  it  b  3  or  4'  long  and  nearly  9'  broad.* 


*  See  one  htmind  and  «t'x<jf-oiM  txUnded  nelulc  of  vmrUmM  amoU  f<s«f .— 
I.  80*  89*  194*  208*  S34.  II.  14*  53*  73*  8S.  108,  133,  145*  164*  306,  260* 
968*  378*  380*  305*  348*  414.  436*  437,  486*  507*  530,  532*  574,  585* 
611*  637*  638,  643*  649,  668,  682*  696*  700,  733*  731*  742*  773*  785, 
786*  802*  809*  810*  836*  830*  831,  835,  837,  844,  847,  853,  859,  885. 
III.  4,  23*  56*  58,  65*  66*  73*79*  83,  lOO*  110,  133*  183,  318,335,936. 
341,  342,  244,  248,  258,  265,305,313,314,  316,  342,347,  348,  355,369^ 
370*  406,  410,  419*  427*  429,  441,  442*  445*  450,  479*  487,  490*  494, 
496,  499,  510,  514,  515,  520,521,528,554,  557,  567,  569»  570,  586*598« 
599,  601,  612,  613,  619,  646,  649,  653,  677,  681,  682,  713,  714,  727, 
730,  732*  752*  767,  771,  778,  783,  792,  804,  806,  808,  811,  819,  813^ 
826,  832*  845*  846*  874*  885*  892,  904,  914*  920,  929*  932*  942,  948, 
949*  973. 

Sixtjf'ttoo  oximied  nebnUt  of  various  large  tites,  h  14*  80.  76,  141*  189, 
313,  215,  220,  253.  U.  3,  17*  23,  63*  113*  126,  134*  147*152,  156*165, 
188*  221,  235,  251,  300,  326,  335,  344,  355,  378,  407,  453*  492,  595, 
548,  566,  579,  595*  607*  619*  620,  671,  687,  703,  750,  755*  762,  799, 
III.  253,  282,  290,  346*  414*  492*498,  508,610,639,740*766*776*921. 

TMrty-one  extended  nebuUe  from  i  to  Of  long.  II.  150,181,  222*  237,  365, 
479,510,  514,  535,  582,  624,654,655,  674,  763,  798,807,  829,  881, 89T, 
899,  901.    III.  303,  368,  506,  556,  620,  648,  692,  906,  907. 

J^oenty-fonr  extended  nekuUefrom  9  to  5'  long.  I.  94,  174,  201.  II.  227, 
984,  291,  402,  432,  490,  536,  558,  600,  664*  747*  784,  900.  lU.  362, 
593,  524,  553,  603,  710,  711,  717. 

Sur  extended  wtMmftw  5  <o  idf  foiif.  1. 134,155,  385.  U.  824.  Y.  5, 23. 
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;ht  neboli,  7  or  8  minutes  loag 


T.  134  u  "  A  coiuitUrabljr  h 
*'  iikI  aboHl  3'  broad." 

Tbe  coMMcterkble  breadth  of  tbesc  nebulae,  altbotigL  cliefly  e: 
tended  ii  Icagth,  proves  (hat  two  of  llicdimenuons  of  the  uebuloi^  i 
■natlcf,  namrly,  Uie  breadrb  and  depth,  are  probablj*  not  very  di^  1 
fenat :  f»t  if  the  depth,  whJcli   a  Ibe  diiiieu&iou  we  do  not  ae^  J 
shooJd  be  eijual  to  the  lengili,  the  chance  of  its  being  out  of  tight  ia  ' 
Dul  lutficienlly  probable  lo  happen  very  frequently.     It  m  ihcrcfoif  jI 
to  be  tiipposed  tlial  ihe  eatensiou  ia  length  is  really  the  greatest; 
for  u  we  actually  see  it  uuder  this  form,  nc  arc  assured  that  it  is 
least  as  tong  u  it  appears,  whereas  one  of  the  other  dimensions,  if  8 
not  botli,  uiuil  certainly  he  less  than  the  length.     This  kind  of  ex-  , 
pantioa  admit*  of  the  utmost  variety  of  leugtheued  form  auit  posi^ 
tioa :  and  from  tbe  great  number  of  nebiilce  lo  which  I  hnve  re-  j 
femd,  the  existeuce  of  such  nebulosities  is  liiirly  to  be  deduced. 

li.    Of'Nebuies  that  arc  of  an  irregular  Figure. 
Among  the  various  figures  that  may  be  seen  ui  nebulse  wc  hav^ 
■  great  many  that  are  of  an  irregular  ap)>earance ;  I  have  divided 
the  tbUowing  iiiuety-tbree  into  two  assortments  *. 

I.  6'1  is  "  A  very  bright  small  nebnla  north  following  a  star  of 
"  tbe  9th  magnitude.     It  is  of  an  irregular  figure."     See  fig.  9. 

II.  !85  is  "  A  faint  pretty  large  uchula ;  it  is  of  an  irregular 
"  triangulai  figure." 

By  c^Uog  the  figure  ofa  nebula  irregular,  it  must  be  understood 
that  I  wn  no  particular  dimeasion  of  it  sudiciently  marked  lo  de-  > 
Krre  Ihe  name  of  length  ;  for  had  there  been  such  a  distinetion* 
its  cxtcBMon  in  the  longitudinal  direction  would  have  been  recorded, 
•r,  B*  it  Crcquently  hap{>ened,  fur  waut  of  time,  the  nubula  would 
sboTlly  ha«e  been  called   extended.      From  this  cousidetation  it 

•  amtitfrnu  imflar  nrtula  of  nariaui mall nieu  I.  61,  884.  n. 
U5,  MZ,  M9.  374,  281,  306,  339,  4JJ,  *4S,  586,  S?7,  601,  6I).S  617, 
Wi,  761,  S3*,  886,  893,  907.  III.  ]1,  83,  \91,  559,973,887,  .101,  310, 
UA,t&J.  4aj,486,  493,  495,  533,  535,  537,  555,  581,589,  605, 
«U.  699,  701,  724,  73J,  795,    BIT,    Sli,    847,    8S|,    fifiU,  879, 

««,  m. 

TUrlp  (■»  irrtfmlar  lutuhe  of  varinw  btrgt  tiiet.  I.  133,  946, 
H-  U.  81.  149,  iS9,346,349,3fi0,4^l,  467,  4^8,  495,  5117,651, 
149,  1i«,  MM,  877.    III.  137,  357,  274,  463,  683,  695,  765.  9l 
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follows,  that  the  ncbnlbus  matter  whidi  assumes  an  irreguhr  figure 
when  seen  id  a  telescope,  cannot  be  yery  difierent  in  two  of  its  di- 
mensions ;  and  this  learing  the  third  entirely  uBdefermined,  it  may 
be  of  greater,  equals  or  less  extent  than  either  of  the  other  two. 
But  to  be  greater  or  less  dian  the  dimensions  that  were  seen  it  would 
require  the  particular  situation  of  the  third  dimension  in  either  case 
to  be  in  the  direction  of  the  line  of  sight,  which  n  so  far  at  least  inn 
probable,  that  we  n»y  lairly  suppose  the  unseen  dimension  not  to 
diflfcr  much  from  either  of  the  former  two. 

16.  Of  Nebula  that  are  of  an  irregular  round  Figure. 

The  apparent  figure  of  the  nebulse  contained  in  the  foregoing 
articles  has  already  assisted  me  in  a  great  measure  to  assign  the  ex« 
panded  form  of  the  nebulous  matter  of  which  they  consist.  The  ir- 
regular round  appearance  of  the  following  fifty*five  nebulae  how- 
eyer,  being  of  a  much  more  marked  description  than  the  former, 
will  lead  to  more  decisive  conclusions.  I  have  divided  them  into 
diree  assortments  »• 

No.  177  m  the  thud  class  is  '*  A  very  faint  nebula  of  an  irregular 
'^  round  figure,  atK>ut  2  or  3  minutes  in  diameter.*^    See  fig.  la 

The  appeanmce  of  an  irregular  round  figure  necessarily  requires 
that  the  extent  of  two  dimensions  of  the  nebulous  matter  should 
be  nearly  equal  in  every  direction  at  right  angles  to  each  other. 
The  unseen  dimensions  may  certainly  be  longer  or  shorter  than  the 
Tbibie  irregular  diameter ;  but  then  it  must  be  absolutely  extended 
centrally  in  the  line  of  sight,  which  is  a  condition  that  has  no  proba- 
bility in  its  favour }  and  the  greater  the  number  is,  of  such  nebulae, 
the  less  is  the  probability  that  the  form  of  the  nebulous  matter 
should  be  irregularly  cylindrical,  or  conical.  For,  except  an  irre- 
gular cylinder  or  cone>  placed  in  the  particular  required  situatioD, 

*  See  twenty'tigkt  nebula  of  an  irreguUir  round  figure  ofoariout  tmmll  tites. 
L  231.  II.  97,  191,  S43,  254,  273,  336,  560,  758,  895,  896.  III.  208, 
224,  311,  474,  566,  600,  614,  621,  673,  674,  688,  728,  784,  813,  835, 
931,  955. 

Twenty^nM  nebuUt  of  an  irregular  round  figure  ofvariouo  large  eitet.  1. 69, 
108,  161.  II.  197,  240,  494,  513,  537,  538,  552,  685,  727,872,  890.  III. 
426,  447,  558,  862,  876.    V.  7.     ConnaUi.  70. 

Six  nebula  of  an  irregular  round  figure  of  a  meam  diameter  from  \  to  V.  IIL 
131,  177.  223,  261,  542,  617. 
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no  esponMon  of  Die  nebulous  mallet  but  an  irregular  globular  od« 
can  be  Ihe  cause  of  tlic  im-eular  round  figure  cf  the^bove-inen- 
tioDcd  ncbalx.  Tben  since  the  irregular  globuUrfonn  lia«  this  ad- 
vaatagt  above  Ibe  cylitiilriral  aud  conical  figure,  that  it  will  answer 
the  required  end  in  anjr  situation  whatsoever,  it  is  certainU  that 
whicli  ongbt  to  be  admitted  as  the  cause  of  Ihe  observed  ap- 
peannce. 

Tfiis  method  of  reasoning  upon  the  form  of  the  nebulous  matter 
from  the  observed  figure  of  nebulae,  will  lead  us  a  step  fartlier  thaa 
it  might  have  been  supposed.  For  granting  it  to  be  highly  proba- 
ble, tbal  the  appearance  of  irregular  round  nebulte  is  ow  ing  to  so 
man;  irregular  globular  expansions  of  nebulous  matter,  it  will  be 
nemsaryto  direct  our  attention  lo  (he  cause  which  has  formed 
ttis  waller  into  such  masses.  To  ascribe  an  highly  improbable 
event  to  chance,  is  not  philosopliiral ;  especialW  as  a  forming  cause 
oSm  ilielf  to  our  view,  when  we  direct  an  eve  to  Ibe  globuhur 
figure  of  the  planets  and  satellites  of  the  solar  jy^tem. 

17-    Of  round  Nebula:. 

From  wlial  ha i  been  said,  it  appears  that  the  figure  of  nebulae  is 
a  Mibject  of  more  interest  than  mere  curiosity.  The  fullowiug  fifty, 
(even  were  observed  to  be  round,  and  I  give  Uicm  here  in  foui 
aaforlBienla  *. 

Af  the  title  of  each  sort  gives  all  that  b  necessat]'  for  the  present 
purpoae  relating  to  Ihe  various  sizes  of  round  nebulae,  a  description 
of  one  of  Ibe  Last  will  be  sufficient.  The  observation  of  I.  269  says, 
tint  it  is  "  A  considerably  bright  round  nebula  of  about  one  minute 
1   >B  diamelci."     See  fig.  II. 

Tbe  arguments  which  I  have  given  iu  the  foregoing  article,  where 
ottly  nebulKof  an  irregular  round  figure  were  considered,  need  not 
bt  repvated  when  a  regular  circular  form  is  presented  to  our  view  ; 

•  SiF  r*rM  roBnd  Btiiifa.     III.  381,  511,  158, 

r»rtfeni  ramut  ntiutr  of  variaw  •mail  ti:ii.  1.  975.  II.  54,  QIB,  S33. 
995.  399,  659.  160,  803.  Ill,  U,  50,  79,94,  95,  »6,  149,  150,  IBO,  IBl. 
909,  291,  M9,  a95,  371,  451,  477.  505,  699,  631,  671,  684,  136,  7iiO, 
SOO,  601,  S|0,  »49,  SSS,  909,  946,  971. 

7a  ronJ  «>■(«  »/ vnrtOKt  U,T^t  liiii.  I-  7,  134,  952.  II-  19,  4BI. 
H9.     III.  54,  77,  113,  459. 

Tlrtc  mnd  ntMrffvm  t  lo  G'  in  dlamtltr.     I.  969.     II.  593.     V.  16. 
C   2 
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/or  the  ad^itioiwd  qiiqiber  of  iiM»|iI>b,  «Qd  the  ttgahritj  of  their 
%ure,  ar^both  ^atl^  in  favQlir  of  a  coiiduskMi,  that  the  ma»  of 
the  oebalous  matter  which  occiufioiit  their  appearance  most  be  of  a 
globular  form. 

in  the  last  article  1  have  only  directed  our  attention  to  li^  /cunsa 
of  this  very  partictUar  coqstmction ;  but  from  the  observatiopB  of 
the  nebulae  above  referred  to»  we  may  now  more  confidently  assign 
the  attraction  of  gravitation  |u  the  principle  which  has  drawn  the 
nebulous  matter  towards  a  centre,  and  collected  it  into  a  i^Uierical 
compass. 

I  have  already  shown  that  the  same  principle  appears  to  be  the 
cause  (tf  the  condensation  of  the  nebulous  ^tt^  in  the  bright 
places  of  the  nebulae  that  shine  with  unequ^  degrees  of  light  in  tlie 
different  parts  of  their  extent^;  and  a  concurriance  of  arguments 
established  upon  very  different  foundations  cannot  fail  to  give  addii- 
^tional  weight  to  the  reasonings  by  which  they  are  ^iqiported. 

18.  OfNebuliB  that  are  remarkable  for  some  particularity  in 

Figure  or  Brightnes9. 

Among  the  nebulse,  which  I  have  described  as  of  an  hrregnlar 
^foit,  the  following  might  have  been  inserted;  but  the  real  fern 
of  the  nebulous  matter  of  which  they  consist  is  probably  as  nrregii- 
lar  as  the  figure  or  brightness  of  the  nebulae  themselves.  I  haft 
arranged  thirty-five  of  them  into  three  assortments  f. 

y.  19  is  ''A  considerably  bright  nebula  about  35'  long  and  S^ 
^  broad ;  its  length  is  divided  in  the  middle  by  a  black  division  at 
^  least  three  or  four  minutes  long. "    See  fig.  itm 

The  nebulous  matter  of  this  nebula  is  probably  a  ring  in  a  very 
oblique  position  with  respect  to  the  line  of  sight. 

II.  646  is  **  A  pretty  bright,  la^  nebula,  of  an  irregular  figure : 
^  it  is  unequally  bright.*' 

♦  See  ArUcle  7. 

f  See  two  nthtUe  of  remarkabU  Jigure^    !•  S86.    V.  19. 

2^11  utufiuaty  bright  neUUt.  I.  S54.  II.  900,  210,  422,  557,  591,  646. 
m.  142,  «45i  534. 

Ttoeni^-three  nehuhe  tkat  are  hrigkte$i  on  one  tide*  I.  113,  162.  II.  25, 
91,  136, 155;  313,  332,364,369,  970^  442,  506,  531,  555,  589,  623.  lUi 
120,  153,  286,  676,  700.    V.  22. 
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Tbc  ineqaalitj  of  its  brighlnrs}  in  HiffeTent  parts  may  arise  from 
ODC<itu]  cotideiHation,  or  froBi  greater  d^plh  of  Dcbuloiis  matler. 

II,  313  U  "  A  pretty  bright  nebula,  a  tilUe  eiteoded  id  the 
"  panlld.  The  greatest  brigbtDess  is  towards  tlie  following  side, 
"  Miiich  b  alio  the  broadest ;  the  preceding  part  being  more  iikea' 
"  tsj  proceeding  from  it.*" 

Tbe  irreguUr  figure  of  these  latter  kind  of  nehulx  may  be  ad^ 
Mitted  louise  troRi  the  asyelimperrect  eonceutrationofanebtiLoM    i 
wtM,  m  wtiicb  the  preponderating  matter  of  it  is  not  in  the  centre. 

1ft.  (ySebu/a  that  are  gradual/i/  a  (Ul/e  brighter  in  the 

middle. 
Tbe  BiTestigatiou  of  the  form  of  the  nebnious  matter  in  the  IS. 
14,  IS,  and  l€tii  nrlietes  has  been  founded  only  upon  the  observed 
figure  of  nebula: ;  and  iu  the  l^Ib  article  the  globular  form  of  thia    i 
Batter  deduced  tiom  the  round  appearance  of  cebulz,  has  beea    ' 
aKnbcd  to  the  action  of  the  gravitating   principle.     I  am  now  en- 
tering upon  an  examination  of  nebulK  of  whith,  besides  their  figure 
I  ban  also  recottlcd  the  different  degrees  of  light,  and  the  situation 
of  the  greatest  btightnets  with  respect  lo  their  figure.    These  obseN 
ntions  will  establish  the  former  coocluaions  by  an  additional  num- 
ber of  objects,  sod  by  llie  decisive  argument  of  their  brightness, 
which  points  out  a  seat  of  attracIioD. 

Id  the  following  four  ussortmeats  are  one  hundred  and  lifiy  ne- 
buhe,  winch  all  agree  in  being  a  little  brighter  in  tbe  middle.  This 
iocrease  of  brightness  must  be  understood  to  be  always  very  gra- 
duad  from  tbe  outside  towards  the  middle  of  the  nebula,  whatever 
be  ill  fifote ;  and  although  this  circumstance,  for  want  of  time,  has 
often  been  left  unnuticed  in  tbe  obsenation,  I  am  very  sure  that 
bwJ  the  grvdataiB  of  brightness  been  otherwise,  it  would  certainly 
not  hare  beeu  overlooked  '. 

•  See  Tkrt^'tmt  ntiula,  th*  particittar  figun  ef  uhich  hai  not  *«n  ai«r- 
ImaiiUgTaitmUtaUUUbnEktcrmllttBiimt.  II.  901,  401,  434,  444,457, 
W8.  53a,  616,  611,  64S.  fn3,  BTl,  136,904.  HI.  90,106,148,331,436, 
41S,  «W,  519,  596,  «33,  &54,  655,  656,  666,  654,  060,  1169,  896,  STS. 

7h«<f-/n>r  c^ltfliU  ikIu'*.  gradaalls  a  HIIU  ArigMer  in  (At  r^iditU.  II. 
lU,  19S,  iSl,  iU,  413,  416,  430,  5G5,  621,  6SS,  906.  lit.  141,  i33, 
44B,  4«l,  46&,  4S8,  5St,  ill,  736,  S90.     V.  8,  40,  50. 

Tmtt  wtatc  ./  «»  irr^uler  fgurt,  sr-ubuUf  m  l(t<f»  tng^ltr  in  tie  i 
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IIL  853  is  **  A  very  faint  small  nebala ;  it  is  very  gndaallj  a 
<*  little  brighter  in  the  middle." 

IIL  488  b  '*  A  yery  faint  extended  nebula,  near  3'  long^  and 
**  above  2'  broad ;  it  is  gradually  a  little  brighter  in  the  middle.** 
Fig.  13. 

IL  54g  is  ''  A  veiy  large  and  pretty  bright  nebula  of  an  inegu- 
^  lar  figure ;  it  b  a  little  brighter  in  the  middle."    Fig.  14. 

II.  812  b  **  A  hint,  small,  round  nebula;  it  b  very  gradually  a 
^  little  brighter  in  the  middle,  and  the  increase  of  brightness  bef^ 
**  at  a  dbtance  from  the  center.**     Fig.  J  5. 

It  b  hardly  necessary  to  say  that  the  united  testimony  of  ao  many 
objects  can  leave  no  doubt  about  the  central  seat  of  attraction^ 
which  in  every  instance  of  figure  b  pointed  out  to  be  in  the  middle. 

The  only  remark  I  have  to  make^  relates  to  the  exertion  of  the 
condensing  power,  which  in  the  case  of  these  nebulc  appears  to 
have  produced  but  a  very  moderate  effect.  Thb  may  be  ascribed 
either  to  the  unshapen  mass  of  nebulous  matter  which  would  re« 
quire  much  time  before  it  could  come  to  some  central  arrangement 
of  form  eithfr  in  length,  or  in  length  and  breadth,  or  lastly  in  all 
its  three  dimensions.  It  may  also  be  ascribed  to  the  small  quantity 
of  the  preponderating  central  attractive  matter;  or  even  to  the 
shortness  of  its  time  of  acting :  for  in  thb  case  millions  of  years 
perhaps  are  but  moments. 

20.  Of  Nebula  which  are  gradually  brighter  in  the  middle. 

By  the  general  description  of  a  nebula,  when  it  b  said  to  be  gra« 
dually  brighter  in  the  middle,  we  are  to  understand  that  its  light 
was  observed  to  be  obviously  brighter  about  the  center  than  in  other 
parts.  Had  the  nebuiss  of  thb  class  been  only  a  little  brighter,  or 
bad  they  been  much  brighter  in  the  middle,  such  additional  ex* 


mUdb.    II.  913,  357,  403,  471,  487,  491,  524,  533,  594,  717,  729.    III. 
f7S,  426,  434,  62S,  690,  657,  903,  947.     Y.  29. 

809€iUy'fimr  r^wnd  or  nearhf  r^und  netnUPf  gradumify  a  Utile  brighter  in  the 
mUUk.  II.  tt  40,  102,  129,  131,  162,  190,  249,  258,  267,  276,  286, 
290,  30S,  320,  336,  426,  459,  474,  476,  477,  509,  516,  526,  602,  637, 
699,  726,  737,  770,  780,  797,  811,  812.  III.  62,  «3,  94,  105.  121,  122, 
123,  133,  162,  163,  252,  292,  296,  2:^8,  330,  388,  409,  448,  466,  497, 
5ft2,  597,  608,  665,  680,  746,  750,  753,  SIS,  822,  S23|  824,  858,  867, 
iS9|  691,  903,  917,  916,  929. 
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prenions  would  MtlBinly  bave  beeu  nxd :  e\c«pt  where  time 
■Ml  kllow  to  be  more  parlicular.     1  bave  sorted  two  liundted  and 
Iweuty-thne  of  ibex  nebulae  like  the  loregoLug,  according  to  their 
6gute,  laio  (am  classes  *. 

U.  -499  is  "  A  pretty  brigbt  aad  pretty  large  nebula ;  it  is  tery 
"  gradually  brighter  in  the  middle." 

1.  SS  is  "  A  considerably  bright,  extended  nebula  about  4'  long 
"  and  3'  bn-ad.  in  ■  meridional  direction ;  it  is  gradually  brighter 
"  iutbc  middlr."     Fig.  l6. 

I.  S66  u"  A  considerably  bright,  and  pretty  large  nebula,  of  an 
"  irregDlat  figure  ;  it  is  gradually  brighter  in  the  middle."  Fig.  I  J. 

I.  93  i*  "  A  considerably  bright,  and  prelly  large  round  ne' 
**  bnla :  it  is  brighter  in  the  middle,  the  brightness  dimiuishing 
"  »«y  gradually  from  the  center  towards  the  circumfereuce." 
%■  18. 

From  the  account  of  these  nebuls,  we  find  again  that  all  what 
has  been  said  concernbg  the  seal  of  lite  forming  and  condensing 
power  of  the  uebulous  matter,  is  abundantly  confirmed  by  obxt- 
vatioD. 

I  Iiave  Ottty  to  remark,  that  the  exertion  of  the  gravitating  priii- 

*  See  Tiixiif-aiae  attain  af  «■  mmucrrl^ntJJifuri,  fradualtg  trigUer  in 
fU  mUdU.  I.  19,  49,  Bii4.  II.  1*.  43,  87,  88.  89,  90,  319,  337,  347, 
36«,  373,  t09,  440,  ilS,  J31,  S90,  610,  C31.  636,  67S,  B83,  830,  640, 
U6,  11)7.  MS,  S6U,  SGI,  863.      III.  375.  .58;,  987,  609,  879,  399,  935. 

fyflf  tMUudti Kiialm  gradually  brighter  in  He  middle.  1,  I,  55,  G9,  131, 
199,  Ml,  9i9,  Su3,  279.  II.  1,  111,  59,  77,  95,  132,  13S,  157,  903,  W5, 
ill,  I»,  J66,  302,  315.  40S,  417,  508,  339,  54J.  583,  S93,  413,  GS3, 
6Vi,  ue.  66T,  697,  709,  130,  773,  BSD,  SSI.  ill,  348,  367,  5B9,  594, 
861,901.     T.4,39. 

IWnn-MM  miula  •/  an  irregular  figure,  gradtiaa<f  hrlghttr  In  Ue  middle 
I  9i,  196,  M7,  966,  11.  M,  56,  96,  130,  226,  265,  995,  311,  353,493, 
433,  434,  47J,  488,  553,  59S,  657,  663,  6W,  793,  819,  825,  887.  III. 
597,  300. 

Ow  knadrti  aitijie*  round,  ar  nearly  tBuui  nthuUr,  gradaallg  brighttr  in 
tlumiddU.  I.  5,  13,  54,  10,  98,  106,  120,  U8,  168,  ISG,  311,  922,939, 
949,  345,  914.  II.  50,  51,  128,  151.  158,  160,  161,  196,  90B,  924,  947, 
m,  «i6,  363,  975,  993,  307.  319,  330,  331,  533,  359,  376,  399,  408, 
UI,  43J.  45S,  461.  465,  511,  511,  523.  569,  567,  5B0,  538,  594,  614, 
6U,  «»,  632.  633,  6S5,  663,  112,  119,  741,169,  777,  192,  811,  811, 
»45,  Ul,  S53,  S65,  S66,  873,  379,  883,  SB4.  S8B,  902.  Ill-  3.  88,  107, 
13»,  139  «0.  491,  597,  5*1,  109.  694,  739,  749,  825,  9S9,  865,  810 
r-U  we,  669,  900,  933,  931,  940,  9^i. 
94 
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dple  in  these  iieba1«>  fe  in  a  more  advanced  state  than  with  those 
of  the  last  article ;  and  that  the  same  conceptions  which  have  al« 
leadj  been  suggested,  uanMly,  the  origbiai  form  of  the  nebttlous 
matter ;  its  quantity  in  the  seat  of  the  attractmg  principle ;  and  the 
length  of  the  time  of  its  action,  when  properly  considered,  will 
sufficiently  account  for  the  present  state  of  these  tiebuUs. 

21 .  Cy*  NebuFa  that  are  gradually  much  brighter  in  the  middle. 

The  nehmlous  matter  which  appears  under  the  various  forms  of 
Ae  following  four  assortdieuts,  containing  two  hundred  and  two 
wtliwkWt  assumes  now  a  more  condensed  ^vpect,  than  that  under  which 
it  was  seen  in  either  of  llie  two  foregoing  collections ;  and  thus  by 

its  gradually  greater  compression,  gives  us  a  still  more  decisive  indi* 
cation  of  the  central  seat  of  attraction  ^. 
II.  838  is  **  A  pretty  bri^t  small  nebuU,  veiy  gradually  much 

^  brighter  in  the  middle," 

.    I.  101  is  ''  A  considerably  bright  pretty  large  nebula,  extended 
*'  in  the  meridional  direction,  about  4'  or  5'  long ;  mudi  brighter  in 

.**  the  middle*"    la  the  forty  feet  telescope  I  saw  the  very  gradual 

*  See  Typeuijf'JiM  utHlm  ^  utuucertMinid  fgure^  gradtuObf  mmck  hrighier 
^  ike  middle.  I.  73,  12|,  187,  140,  155,  181,  987.  II.  35,  177,  187, 
'999,  439,  453,  540,  653,  65S,  669,  686,  694,  795,  898,  855,  871.  III. 
8^-     CoimoM.  99. 

JFifi^'four  ejfitnded  neM^,  gradualtjf  muck  brighter  in  ike  middle.  I.  39, 
31,  33,  35,  38,  53,  58,  64,  73,  83,  86,  93,  97,  101,  104,  195,  154,  157, 
164,  184,  309,  333,  339,  874,  871,  377.  II.  13,  13,  31,  37,  189,  918, 
931,  388,  318,  416,  431,  463,  504,  604,  613,  696,  691,  tOl,  709,  704. 
785,  75^  775,  875,     III,  179,  198.    ¥.'47.     Contioif.  49. 

Vfimeieen  nebuim  of  en  irreg^imr  fgure^  graititU^  mmck  hrigkier  in  ike 
Wf^dle.  I.  10,  36,  59,  66,  109,  110,  114,  115,  319,  835,  837,  876.  If. 
S,  80,  438,  503,  734, 687.    III.  899. 

Of^e  hmkdred  emdfour  rpund  or  nem-ljf  round  nebmhe^  graduaUy  muck  hrigkier 
If  ike  middk.  1.  8,  16,  81,  30,  48,  63,  65,  67,  68,  74,  79,  83,  87,  88, 
lUO,  103,  105,  111,  119,  118,  189,  135,  136,  148,  lU,  147,  150,  158, 
159,  166,  171,  175,  188,  185,  316,  818,  881,  839,  398,  844,  957,  960, 
965,  873,  378.  II.  5,  11,  38,  69,  98,  148,  330,  836,  945,  850,  967,369, 
970,  377,  388,  393,  301,  303,  309,  311,  398,  418,  490,  446,  469,  466, 
A$6>  561,  5^,  575,  598,  631{,  644.  645,  660,  666,  695,  707,  788,  798, 
757,  767,  774,  783,  816,  833,  839,  854,  874.  III.  950,  984,  519,  531, 
694,  744,  859,  878.    C^mioti.  59,  96, 
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■  ot  brightnen  (owarils  the  middle  of  its  length ;  a  longer 
cslent  of  the  nebula  wualso  mtble.     Fig.  19. 

I.  219  ii  "  A  very  briglit  coniiderably  large  nebula  of  aa 
"  ioegdaf  figare,  vtty  gradually  much  brighter  io  the  middle." 

rig  sa 

L  63  H  *'  A  bri^b'  rouud  nebula  of  about  one  minute  ui  dinme- 
"  ler ;  jl  b  much  brigiiler  iu  ihe  middle,  and  very  faint  towards  tlte 
••  border."     Fig.  31. 

The  greater  di&rence  belween  Ihe  comparative  brightness  of  the 
center,  and  tbe  outward  parts  of  theae  nebulce,  may  certainly  be 
ascribed  la  Ihe  same  causes  that  have  been  considered  in  the  Iwo 
forvgomg  articles ;  bat  in  the  preient  case,  and  taking  iolu  the  ac- 
CMiul  ibat  thb  ix  already  a  thirdstep  of  condensation  from  a  littl* 
biigliUf  to  brighter;  then,  to  much  brighter,  there  api^ears  to  he 
touK  fotuidation  for  supposing  railier  that  this  greater  effect  is  pro* 
duced  bjr  a  longer  time  ol  the  action  of  the  attractive  principle,  than 
tlial  il  ihould  ari»e  merely  front  an  original  more  fatourable  ex- 
paasKNi  of  tbe  nebulous  mailer. 

22.  Of  the  Ntbula  t/uit  have  a  Comelic  appearance. 

Among  tbe  numerous  nebulte  1  have  seen,  there  are  many  (hat 
bnc  Ihe  appearance  of  telescopic  comets.  The  following  are  ot 
Ibu  sort*. 

I.  4  it  "A  pretty  large  cometic  nebula  of  con^iiderable  briglit- 
"  neai;  it  bmucb  brighter  in  (he  middle,  and  tlie  very  faint  cher^ 
•'  lure  is  pmty  enlensivc."     Fig.  22. 

By  fJieappdtatioTi  of  cometic,  it  was  my  intention  to  express* 
gnduat  and  strong  increase  of  brighlnea  towards  the  center  of  a 
nebitlous  (ritject  of  a  round  figure  ;  having  also  a  faint  chevelure  or 
cotua  of  tome  extent,  beyond  ihe  faintMl  part  of  the  light,  gra- 
dually decreaiing  from  the  center. 

It  aeenii  tint  Ihti  species  of  nebuls  contains  a  somewhat  greater 
degree  of  coodeBsatioa  ihan  that  of  the  round  nebulx  of  the  last 
■ilicle,  and  might  perhaps  not  very  improperly  have  been  included 
b  tbetr  munber.  Their  great  resemblance  to  telescopic  comclij 
htiwever,  is  very  apt  to  suggest  the  idea,  that  possibly  such  stnaR 

•  Ste    Stnmtetn  romttic  lutiibr.     I,  3,  4,  3t,  317.      II.  6,  15,  33,  5S, 

.  MS,  |j4,  «1,  31},  404.    III.  },  «1.    Cgimeit.  9i. 
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telescopic  comets  as  often  visit  our  neighbourhood  may  be  con* 
posed  of  nebulous  matter*  or  may  in  iact  be  such  highly  condensed 
nebulae. 

£3.  OfNebuIcc  that  are  suddenly  much  brighter  in  the  middle^ 

From  the  third  degree  of  visible  condensation*  1  have  in  the  21st 
article  intimated*  that  the  length  of  the  time  of  the  action  of  the  at- 
tracting principle,  would  explain  the  observed  gradual  accmnulation 
of  the  nebulous  matter.  In  the  following  eighteen  nebubs  we  may 
see  a  still  more  advanced  compression  of  it*  amounting  almost  to 
the  appearance  of  a  nucleus  \ 

IL  814  is  HA  small  fiiint  nebula*  very  suddenly  much  brighter 
^  in  the  middle.* 

I.  39  is  ''A  very  bright  nebula*  extended  from  south-preceding 
*'  to  north-following*  about  4'  or  5*  long*  and  8'  bioad;  H  is  much 
<'  brighter  in  the  middle*  but  the  brightness  breaks  off  abruptly*  so 
**  as  almost  to  resemble  a  nucleus."    Fig.  23. 

1. 236  is  "  A  very  bright  pretty  large  nebula  of  an  irregular 
^*  figure ;  it  b  suddenly  much  brighter  in  the  middle.'*    Fig.  24. 

!•  99  is  ''A  very  bright*  Small  round  nebula ;  it  is  very  suddenly 
^  much  brighter  in  the  middle.**    Fig.  25. 

From  the  appearance  of  these  nebulse,  we  see  plainly  that  a  pro- 
gressive concentration  of  the  nebulous  matter  has  an  existence ;  it 
is  also  remarkable  that  the  condensation  in  long  nebulae  incluies 
towards  the  shape  of  a  nucleus*  as  well  as  iu  round  ones*  which  can 
be  ascribed  only  to  the  continued  action  of  the  attractiog  principle, 
tending  to  draw  the  nebulous  extended  expansion  into  a  globular 
form. 

A  nucleus*  to  which  these  nebulae  seem  to  approach,  is  an  indi 
cation  of  consolidation }  and  should  we  have  reason  to  conclude 
that  a  solid  body  can  be  formed  of  condensed  nebulous  matter*  the 
nature  of  which  has  hitherto  been  chiefly  deduced  from  its  shining 

*  See  One  niiuta  of  unatcertaintd  Jigure,  suddenly  much  hrighttr  in  the 
middU^    II.  814. 

S$v§n  tUnded  nthuUt^  tuddeniy  muck  krigkter  in  the  middle.  I.  39*  91* 
96,  800.    II.  183*  505.     Conmote.  66. 

Two  nebulm  of  Mn  irrtguUtr  figure,  iuddenljf  much  brighter  in  the  middle,  I. 
856.     II.  581. 

Bight  round  or  near^f  round  nebulsB,  euddeni^  much  brighter  in  the  middle* 
1   99*138.    II.  410|  413|  698.    III.  851*  685.    Coaaotf.  54. 
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qnEty,  w*  an;  yiwihly  be  able  to  view  it  witb  reipcct  to  i 
other  of  ittpt^atiea. 


24.  Ofnwmd  KtM*  increasing  gr, 
a  fiucleas  in  tlie 


■dually  ii 
nidii/e. 


b  reipect  to  torn*  I 

brighlncu  up  icf  ^^^H 


Il  tei  aJnari*  been  prnved,  from  tbe  figure  and  central  bright- 
■ns  of  TomtA  nebule,  tbal  ibe  nrbulous  matter  nf  which  tliej  eoo> 
sst  nnsi  be  Mtmitled  to  be  of  a  globular  form ;  but  tbe  fullowing 
ibiilcM  ncbofae  lead  me  to  a  remark  which  not  only  applies  to 
ifaeata  hat  to  all  ibe  round  nebulx  of  the  Imt  five  articles,  which 
aUed  to  Arte  amount  to  three  hundred  and  iwcnly-oiie.  They 
are  not  only  round,  but  Ibe  gradual  condensation  from  the  cirrum- 
ferencc  10  tbe  very  center  being  of  eiiual  dtnsity  of  light  at  equal 
CMitnl  diitances,  every  ring  or  circle  drawn  rnuiiii  the  center  bears 
nilUTM  to  tbe  existence  of  a  central  attraction.  For  whatever  maj 
be  the  inlrustly  of  the  ratio  of  llie  concentration  al  any  given  cert- 
Inl  diatance,  it  followi,  from  the  equality  of  brighlueu  at  the  a>- 
■igned  dnlatice,  that  uo  figure  but  a  globidar  one  cau  with  any 
kind  of  pmbability  explain  the  apitearance ;  and  lliat  the  concen> 
Initon,  ai  well  as  the  figure,  is  produced  by  a  general  gravilatiuu  of 
tliencbutou?  matter*. 

I.  151  is  "  A  considerably  bright  and  considerably  large,  round 
"  comctic  nebula ;  It  ii  very  gradually  nmcb  brighter  in  the  middle, 
"  witb  a  nucleus  in  tbe  center."     Fig.  26. 

From  the  deicriittiun  of  these  nebulae,  we  find  that  an  actual 
micleiM  has  been  formed  in  the  attracting  center:  and  that  conse- 
quently B  certain  degree  of  consolidation  of  the  nebulous  mailer  is 
faighly  probable;  for,  although  the  quality  of  shining  uuly  points 
out  tbe  eiistencc  of  something  thai  b  luminoai,  yet  from  analogy 
we  have  reason  to  conclude  that  certain  material  suh^l^nces  must 
be  present  to  produce  Ihc  light  we  perceive ;  and  that  ihey  must  be 
opaque,  may  be  inferred  from  every  thing  we  know  about  shining 
substances. 

25.   Of  'Siibula  that  have  a  Nucleus, 

It  may  be  expected    that  some  considerable  change  will  lake 

place  in  tJie  appearaiwe  of  a  nebula  after  it  has  come  to  a  certain 

•  »e«  L  «,  6,  ISa,  IJl,  113,  536,  in.     U.  W,  1311,  116, 

$11.  ir.  t. 
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degree  of  eontinued  gradual  condcsisalkNi.  We  ait?  as  yet  so  little 
acquaioted  with  the  nature  and  distribution  of  this  matter,  that  an 
application  of  mathematical  calculations,  founded  on  the  attraction 
of  gravitation,  for  want  of  data»  cannot  be  applied  in  order  to 
suggest  to  us  what  appearance  might  next  be  expected ;  I  shall 
fberefore  proceed  in  a  regular  manner  to  grre  the  observatioos, 
#faich  shew  what  these  appearances  are,  without  eatenng  into  any 
Aeoretical  discussions. 

Id  the  following  two  assortments  we  have  forty  nebdltf  *• 

Number  G3  of  the  Connoissance  des  Tempi  h  ^  K  very  bright 
^  nebula,  extendmg  from  iiorth«preceding  to  south»foltowittg  9 
^  or  1(/  long,  and  near  4/  broad ;  it  has  a  very  brilliant  Undens.** 
tig' ^7. 

I.  107  is  *'  A  very  bright  round  nebula,  about  1^  nmiuleai  in 
*  diameter ;  it  has  a  bright  nncleus  hi  the  mtddii.**    Fig.  t8 

The  nuclei  of  these  nebulse,  after  wlmt  bat  been  pnmd  of  the 
existence  of  a  condensing  power,  I  need  not  hesimte  taaseribe  to 
Ae  fongier  continuance  of  its  action,  which  appcnis  lo  brii^  on  a 
Consolidation ;  and  that  tb»  may  be  the  eonseqaeace  we  may  con- 
ehide,  not  only  from  the  power  of  condensing,  which  argues  a  soC* 
ficient  quantity  of  matter,  but  also  from  the  qoality  <rf  sbUngi 
for  this  proves  that  the  substanee 'which  throws  ont  the  nebulous 
l^t  is  endowed  with. some  other  of  the  general  qualities  of  matter 
besides  that  of  gravitation. 

A  second  remark  I  have  to  make  is,  that  the  opftqae  natore  of 
the  nebulous  matter  whi4h  vras  before  iaforred  from  aaalogy^  is 
here  supported  by  observation ;  for  these  coosoKdatod  nuclei  have 
a  considerable  resemblance  to  the  disks  of  plaiieta ;  and  if  thb  mat* 
ter  consisted  only  of  a  luramous  substance,  the  increajse  of  light 
would  probably  for  exceed  their  observed  hntre :  this  being  the 
case,  the  power  of  arrestmg  light  in  its  passage  is  aa  additional 
quality,  very  difierent  from  those  which  have  already  been  awi^ 
tioned,  and  seems  to  be  analogous  to  properties  which  we  know  to 
belong  to  hard  and  solid  bodies. 

•  See  TVMiiQhMVtfK  extnuUd  mhuUBf  w^h  a  imcleiM.  I.  43,  T7,  126,  156, 
t*IO,  180,  908,  8S4,  S40,  350,  255,  270,  280,  281.  II.  238,  460,  759, 
768,  796,  846,  849,  891.    V.  18,  24,  48.     Connoiti.  67,  101. 

TAireeM  rMmi  #r  nMrfy  round  iM6al«»  wUhanMekus.  L  107,  133,  139, 
152,  167,  203,  225.    II.  99,  501,  746,754.    til.  178.    CgnnoUt.  90. 
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92,  75,  UC,  ICa,  lO,   IfT,    1S8,    I3t$,    «e3, 
IT.  ^    T.  43.     Cmmtiti  €5,  IS,  §•• 
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chevelare  surroanding  it  in  a  concentric  arrangement  1  And,  if  ire 
may  venture  to  extend  these  queries  a  little  farther — will  not  the 
matter  of  these  branches  in  their  gradual  fall  towards  the  nucleus, 
when  discharging  their  substance  into  the  chevelure,  produce  a  kind 
of  Tortek  or  rotatory  motion  1  Must  not  such  an  effect  take  place, 
unless  we  suppose,  contrary  to  observation,  that  one  branch  b  ex- 
actly like  the  other;  that  both  are  exactly  in  a  line  passing  through 
the  center  of  the  nucleus,  by  way  of  causing  exactly  an  equal  stream 
of  it  from  each  branch  to  enter  the  chevelure  at  opposite  sides ; 
and,  this  not  being  probable,  do  we  not  see  some  natural  cause 
which  may  give  a  rotatary  motion  to  a  celestial  body  in  its  very 
formation? 

27-  Of  round  Nebulee  that  show  the  Progreu  of  Condensation. 

When  round  nebulae  have  a  nucleus,  it  b  an  indication  that  they 
liave  already  undergone  a  high  degree  of  condensation.  From  their 
figure  we  are  assured  that  the  form  of  the  nebulosity  of  which  they 
are  composed  b  now  spherical,  whatever  may  have  been  its  ori- 
ginal shape ;  and  being  surrounded  by  a  chevelure,  we  may  look 
upon  its  different  evanescent  degrees  of  faintuess  as  a  sign  whereby 
to  judge  of  the  gradual  progress  of  the  consolidation  of  the  nu- 
cleus. The  followbg  seventeen  nebulae  are  given  iu  two  assort* 
ments*. 

rV.  23  is  ''  A  considerably  bright  nebula  with  a  very  bright  nu« 
'*  cleus^  and  a  chevelure  about  S  or  4'  in  diameter.**    Fig.  31. 

III.  99  is  ''  A  small  nebula  with  a  pretty  bright  nucleus  and  veiy 
'*  faint  chevelure ;  it  is  almost  like  a  nebulous  star."    Fig.  32. 

The  chevelure  of  these  nebulae  consists  probably  of  the  rarest 
nebulous  matter,  which  not  having  as  yet  been  consolidated  with 
the  rest,  remains  expanded  about  the  nucleus  in  the  shape  of  a  very 
extended  atmosphere ;  or  it  may  be  of  an  elastic  nature,  and  be 
kept  from  uniting  with  the  nucleus,  as  their  elasticity  causes  the  at« 

*  See  Fifteen  round  or  nearly  round  nebuUt^  with  a  nudeua  mnd  faint  chevf 
iure.  I.  40,  137,  820,  84S,  5251,  262.  II.  321.  III.  291,  373.  IV.  23, 
54,  56,  59,  76.     Cannoiss.  92. 

7\bo  nekui^  wUh  a  nucleus  and  ehewlure  reambUng  nebulout  ttars.  11.  32. 
III.  99, 
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A  of  tbe  pUaets  to  be  cxpaodecl  mbout  them.     In  lliii  case 
««  ba*e  aootbcr  property  of  Uie  nebuloiu  subslnnce  to  adJ  to 
CarBter  qnlilies  of  its  matter. 

Willi  iknc  ncbola  where  this  clievelure  is  uncommonly  faint, 
and  ibe  Doclras  very  bright,  the  consolidalion  appears  to  have 
mtfccd  a  atill  higher  degree,  and  their  resemblance  to  oebuloua 
•tsn  Msjr  lead  to  very  interesting  consequeuces. 

28.  Of  round  Nebu/ts  (hat  are  almoit  of  an  uniform  Light. 
The  argument  that  the  nebulous  matter  is  in  some  degree  opaque 

«luch  is  given  in  the  35lh  article,  will  receive  considerable  sapport 
frMB  ibe  appearance  of  the  following  nebulx;  lor  they  are  not  only 
round,  that  is  to  say  the  nebniuus  mutter  of  which  they  are  com- 
powd  it  rollected  into  a  globular  cotngiBss,  but  thiy  are  al»o  of  a 
light  wbtcb  b  nearly  of  an  unifona  intensity,  except  just  on  the  bor- 
den.     1  give  these  nebulx  in  two  assorlnienls  *. 

Number  97  of  the  Connoistance  Is  "  A  vety  briglit,  round  ne- 
"  bob  of  ^out  3'  ill  diameter ;  it  is  nearly  of  equal  light  through* 
■•  out,  witban  ill-delined  margin  of  no  great  enlent," 

JV.  13  b  "A  pretty  faint  nebula  of  about  1'  diameter;  it  is  per- 
"  feetly  toand,  and  of  an  equal  light  throughout ;  and  the  edges  of 
"  il  are  pretty  well  defined."     Fig.33. 

Admhting  that  these  sixteen  nebufx  are  globular  collections  of 
nebnlous  matter,  they  could  not  appear  equally  bright,  if  the  nebu- 
losity of  which  tliey  are  composed  consisted  only  of  a  luminous  sub- 
stance perfectly  penetrable  to  light ;  at  least  (his  could  not  happen 
uokss  a  certain  artificial  condeuaalion  of  it  were  introduced,  which 
can  bave  no  pretension  to  probability  in  its  fovour.  Is  il  not  ra- 
ther to  be  supposed,  that  a  certain  high  degree  of  condeniation 
has  already  brought  on  a  sntficient  consolidation  to  prevent  tiie 
penetration  of  light,  which  by  this  means  is  reduced  to  a  super- 
final  planetary  appearance  T 

29.  Of  Nebula  that  draw  progTCss'iveltf  towardt  a  Period  of 

final  Condematioii. 
Xa  the  course  of  the  gradual  condensation  oCUie  nebulous  matter, 

•  See  Ftur/rvra  3'  (o  V  (n  diamtUr.     IV.  iO,  63,  67.     Ctmolti.  97. 
TWIh  uihttM  /rem  }  a/  a  minute  U  3'  in  diamtler.     I-  tG7.     !!■  IBS,  SW, 
■K5,  936,  no.     HI.  153,  B77.     IV.  13,  14,  16,  39. 


m 

case  I 

the  I 


ffi  .   CQHtTEUCTIOK  OV  THE  BBATSVf. 

knMiy>t  fcxptcted  tiiat  m  tiaieaiiMl  ooom  whtti  it  can  bo  hmgpt  he 
nompnMed,  wd  the  only  came  mhkk  we  iMy  suppose  to  pot  ao 
tod  to  the  compression  is*  when  the  oonaolidalrd  matter  asnmcs 
hardness*  It  remains  therefore'to  be  examioed*  how  ha  my  ob« 
serrations  will  go  to  ascertain  the  intensity  of  its  oonsohdatioB. 

The  following  two  assortments  contain  seven  nebula,  from  whose 
appearance  a  considerable  degree  of  solidity  may  be  infcrrcd*. 

IV.  55  is  "  A  pretty  bright  round  nebulu,  nlmost  of  an  even 
^  light  throughout  approaching  to  a  planetary  appearance,  but  ill 
^  defined,  and  a  little  fiunter  on  the  edges;  itis  abonl}  or  1  mi- 
^  note  in  diameter.**    Fig.  34. 

IV.  3f  is  ^  A  very  bright  planetary  disk  of  about  3S^^  m  dia- 
^  meter,  but  ill  defined  on  the  edges ;  the  center  of  it  is  rather 
*'  more  luminous  than  the  rest,  and  with  long  attention  a  very 
**  bright  well  defined  round  center  becomes  visible.*    Fig.  35. 

In  these  nebulse  we  have  three  different  indications  of  the  con»- 
pitssion  of  the  nebulous  matter  of  which  they  are  composed :  their 
4gore,  their  light,  and  the  small  compass  mto  which  it  is  reduced. 
The  round  figure  is  a  proof  that  the  nebulous  mass  is  collected  into 
a  globular  form,  which  cannot  have  been  eflected  without  a  certain 
degree  of  condensatioo« 

Their  planetary  appearance  shows  that  we  only  see  a  superficial 
lustfie  such  as  opaque  bodies  exhibit,  and  which  could  not  happen 
if  the  nebulous  matter  had  no  other  qiiality  than  that  of  shinmg,  or 
bad  so  little  solidity  as  to  be  perfectly  transparent.  That  there  is  a 
certain  maximum  of  brightness  occasioned  by  condensation,  is  to 
he  inferred  from  the  dififerent  degrees  of  Mght  of  round  nebulse  that 
are  in  a  much  less  advanced  state  of  compression ;  fer  these  are 
gradually  more  bright  towards  the  center;  which  proves  that 
brightness  keeps  op  with  condensation  till  the  increase  of  it  brings 
on  a  coosolidatioa  which  will  no  longer  permit  the  internal  pene- 
tration of  light,  and  thus  a  planetary  appearance  must  in  the  end  be 
the  consequence ;  for  planets  are  solid  opaque  bodies,  shining  only 
by  superficial  light,  whether  it  be  innate  or  reflected.  . 

From  the  sice  of  the  nebulae  as  we  see  them  at  present,  we  cannot 
fcrm  an  idea  of  theHNriginal  bulk  of  the  nebulous  matter  they  con- 
«— i^— ^^— —— — «  ■  ■ 

*  Sec  /intr  mtlkulm  of  m  planeiaiy  appeartmce*     IV.  55,  60,  68,  78. 
Tkrf  fUmtanf  i^^kt  mUk  a  brigki  central p<nni     II.  868.    IV.  37,  73. 
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*'  star  of  the  9th  niagnitude.    The  hacioess  on  the  edges  does  not 
^  exceed  the  20th  part  of  the  diameter.* 

IV.  51  is  ^  A  small  beautiful  planetary  nebula^  but  considerably 
"  bazy  upon  the  edges ;  it  is  of  a  uniform  light,  and  considerably 
**  bright,  perfectly  round,  and  about  10  or  15^  in  diameter.** 

IV.  53  b  ''A  pretty  bright  planetary  nebula  of  neariy  1'  in  dia- 
''  meter;  it  is  round,  or  a  little  elUptiod ;  its  light  is  uniform,  and 
^  pretty  well  defined  on  the  borders.*' 

IV.  64  is  '*  A  beautiAil  planetary  nebula  of  a  constdertUe  de- 
**  gree  of  brightness,  but  not  very  well  defined,  about  12  or  15''  in 
••  diameter.'' 

The  remarks  which  hate  been  made  on  the  nebuhe  of  the  fore* 
gomg  article,  will  here  apply  with  additional  propriety;  for  the 
light  of  these  planetary  nebidss  must  be  eouiderably  more  con- 
densed than  that  of  the  foregomg  sets.  The  diameter  of  font  of 
them  does  not  exceed  15'',  so  that  if  we  again  suppose  the  original 
difiiised  nebulosity  from  which  tliey  sprang  of  10^  m  cubical  di- 
mensions, we  shall  have  a  condensatioo,  which  has  reduced  the  ne- 
bulous matter  to  less  than  the  one-hundred-and-twenty-two  thou- 
sandth part  of  its  former  bulk. 

One  of  them,  number  34  in  the  4th  class,  appeared  even  in  the 
SO  feet  telescope,  with  the  sweeping  power,  like  a  star  with  a  large 
diameter,  and  it  was  only  wboi  magnified  S40  times  that  it  re- 
sembled  a  small  planetary  nebula  %  nor  can  any  of  these  nebulae  be 
distinguished  from  the  neighbouiing  small  stars  in  a  good  common 
telescope,  night-gUss,  or  finder. 

When  we  reflect  npon  these  circumstances,  we  may  conceive 
that,  perhaps  in  progvess  of  time  these  nebuls  which  are  already 
in  such  a  state  of  compression,  may  be  still  fiutfaer  condensed 
•o  as  actually  to  become  stars. 

It  may  be  thought  that  soUd  bodies^  such  as  we  suppose  the  stan 
to  be  fi'om  the  analogy  of  their  light  with  that  of  our  sun  when 
aeen  at  the  distance  of  the  stan^  can  hardly  be  formed  from  a  con- 
^ieasation  of  nebulous  matter ;  but  if  the  immensity  of  it  required 
to  fill  a  cubical  space,  which  will  measuro  ten  mmutes  when  sea  at 
the  distance  of  a  star  of  the  Sth  or  9th  maguitude,  is  well  consi- 
dered, and  properly  compared  with  the  very  small  angle  our  sun 
would  subti»d  at  the  same  distance^  no  d^ree  of  rarity  of  the 
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arMotta  aaMR;  la  «kklt  we  inn  liave  rtetMnr,  cnn  be  any  ob- 
li  for  the  conitniclion  of  a  budy  of 

h  ctbei  tliece  very  conipre««e(l  ncbuli 
character  Wana*  vf  our  nelUknawn  cetesiinl  boitiei,  *uch  ai  iorm 
of  Uf  [iliwii  aNd  thnr  nlelliles,  tlie  sun  and  all  periodical  ilarik 
b  rhir  inv  pmlfabljF  most,  it'  not  all,  of  tiiem  turn  on  llitir  aKta. 
Seven  «f  ibe  tea  I  ba*e  menlioneil  are  not  jierfeclly  roiiud,  but  s 
very  titlle  cftiptinl.  Ooght  we  iiot  to  ascribe  ibis  lijiure  lu  ibe 
UMC  amat  whkb  bas  flattened  tlie  polar  diatneler  uf  Uio  plaiwtip 
MMsely ,  a  raCalory  molion  I 

At  tfce  end  of  (be  261I1  article  I  have  already  pointed  oot  on* 
«Mifi;nir*lMM  of  ibe  nebulons  matter,  of  wliicli  the  linul  cunilentfr 
tiuu  leetn*  to  be  propeily  disposed  for  bringing  un  a  n>lHlory  mo- 
tion of  the  iiueleui)  bill,  if  we  consider  ibis  miiller  tii  a  Krneral 
li-hi,  )l  appean  thai  every  figure  wtiich  b  not  already  ^lobular  ffluil 
bNve  Mxtrulric  nebulous  mailer,  wbicli  in  its  rndeuvwir  to  conie  (• 
Die  («ni(r.  Mill  cither  diklotlge  some  of  the  iiebuluwty  wliidi  li 
alieady  dtpotited,  or  slide  upon  it  siilcnays,  ainl  m  both  c;i«e«  pro* 
dtice  ■  cimbir  molion ;  so  that  in  latt  we  i-an  hurdly  suppote  a  pui- 
libifity  oflbe  produelioii  of  a  globular  form  without  a  con»e<)ueiit 
remtutioa  of  Ibe  nebulous  mailer,  wbicb  in  the  etiri  may  leltle  in  a 
r^ular  rnlalion  about  some  &xed  axis.  Many  of  the  ekteuded, 
ami  i  I  regular  nebulte  are  con^derably  eltiplicul,  and  the  irregulal: 
round  ones  ihew  a  general  upproach  to  ibe  oval  form  ;  now  llieM 
figure*  are  all  fitvourable  lo  h  surmise,  lba(  a  rotatory  motion  mty 
often  lahe  place  even  before  Ihe  tMcleus  of  a  nebula  can  have  ai^ 
rived  to  astateof  conwlidution.  An  abjection,  that  ihi)  remarfe 
«bk  form  of  planetary  nebidic  may  be  owing  to  cbunce,  will  bard^ 
deserve  lobe  mentioned,  because  the  im  probability  of  such  a  sup^ 
pofitioD  muft  exclude  it  from  all  claim  to  refutaiiou. 

SI.  (^'tie  DiUanceaftkt  Nebuitt  m  the  Constellation  of 

Oriou. 
In  my  3d  article  I  concluded,  from  the  appearance  of  the  grMt  i 
oAata  iu  Orion,  that  ihe  range  of  the  vbibility  of  the  diffused  nebiH  j 

■  A  cubical  ipBCr,  the  tidr  of  vliirli  at  Ibe  disunre  or  o  >lar  of  (1^  ' 
Bth  mm^tBtudt  it  leen  under  nn  Bni;1«  uf  tC,  rirttii  llic  bnlh  of  the  «il  j 
(tSOMODOOOOOnOOOOeO)  ma  Irillion  and  eos  ttiosMod  billion  U«i 
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Khis  matter  cannot  be  great,  because  we  maj  there  tee  in  ene  and 
the  same  object,  both  the  brightest  and  fiuntest  appearance  of  nebu- 
losities that  can  be  seen  any  where.  It  wtii  therefore  be  a  case  of 
some  interest,  if  we  can  form  any  conception  of  the  pboe  among 
the  filed  stars  to  which  we  on^t  to  refer  the  situation  of  this 
Mcbtthi ;  and  this  I  beliera  my  obscffation  of  it  will  enaUa  na  to 
determine  pictty  nearly* 

In  the  year  177"^  the  4tb  of  March,  I  observed  the  aebidoas 
star,  which  is  fhe  43d  of  the  Commduance  des  Tew^,  and  is.uot 
many  minutes  nwth  of  the  great  nebuhi ;  but  at  the  same  time  I 
also  took  notice  of  two  similar,  but  much  smaller  nebulous  stars; 
one  on  each  side  of  the  large  one,  and  at  nearly  equal  distances 
from  it    Fig.  37  is  a  copgf^  of  a  drawing  which  was  made  at  the 

■UHB  Or  UBBCl  lFallMHI» 

In  J  783^  I  examined  the  nebulous  star^  and  found  it  to  be  feintly 
aurrounded  with  a  circular  glory  of  whitish  ndmlostty,  fiuntly  joinr 
ing  to  the  great  nebula. 

About  the  latter  end  of  the  same  year  I  remarked  that  it  was  not 
equally  surrounded,  but  most  nebulous  towards  the  south. 

la  1784^  I  began  to  entertam  an  opinion  that  the  star  was  not 
connected  with  the  nebulosity  of  the  great  nebula  of  Orion,,  but 
was  one  of  those  which  are  scattered  over  that  part  of  the  heavens. 

In  1801, 1806,  and  1810,  this  opmioo  vras  iUly  confirmed  by 
the  gradual  change  which  happened  in  the  great  nebula,  to  which 
Ibe  nebulosity  surrounding  this  star  belongs*  For  the  intensi^  of 
the  light  about  the  nebulous  star  had  by  this  time  been  consider* 
ably  reduced,  by  the  attenuation  or  dissipation  of  the  nebulous 
matter ;  and  it  seemed  now  to  be  pretty  evident  that  the  star  is  far 
behind  the  nebulous  matter,  and  that  consequently  its  light  in 
passing  through  it  is  scattered  and  deflected,  so  as  to  produce  the 
appearance  of  a  nebulous  star.  A  similar  phenomenon  may  be  seen 
whenever  a  planet  or  a  star  of  the  1st  or  2d  magnitude  happens  to 
be  involved  in  hazmess;  fen  a  diflfused  circular  light  vrill  then  be 
seen,  to  which,  but  in  a  much  inferior  degree,  that  which  surrounds 
this  nebulous  star  bears  a  great  resemblance* 

When  I  reviewed  this  interesting  object  in  December  1810, 1 
directed  my  attention  particularly  to  the  two  small  nebulous  stars, 
by  the  sides  of  the  large  one,  and  found  that  tliey  were  perfectly  free 
firom  every  nebulous  appearance ;  which  confoDed  not  only  my 


covrrmccTio!*  of  tbb  hcatetis.  lOl 

»«f  *K  pi  mfwriLT  «rf  Ac  aebtUoHly,  bit  ■!*» 
Am  Air  Chbb  fhifaM  ifniMMni.  bad  bm  cntirdy 
a  if  *e  pM^e  •#  ibek  feeble  ligbt  tbn^  ifce  ndwhtM 

IfMii  «tf  bc«M«- tbM. 

Tbe  Igibif  jMsay  ISII.  1  b*d  awMber  cHtks)  namimiioa  of 
ibe  nmtitfea^  >  wt^dewnr*  (hroufh  Uw  4&A>ei  tr)e*cap«i 
;  ibe  tofKriu  bgbl  of  iLi*  uittnunenl,  I  c>Mild 
(  of  neboJosilT  kbovt  ibr  two  vmU  Man^ 
>tedi 
ikoly-ancB  jon  bdwe  I  bad  mcd  ibeni  i8Tolve«l  b  nctmlonty. 

If  tbcB  ibi  bgbl  if  AnetbncsunbtbBipiOTfd  lo  haw  under- 
goars liable MadiiaiM  ■iUpmage  tbrao^b  ibc  ncbuloui  mat* 
tcr(kM««ilhtf  iliMtmiaa  amMig  iheitan  akmrtutant  from 
aalfamb>lM|ntaf  (belfai«c,«faidi  I  soppox  to  be  «f  tbc  8lb  «c 
91k  mmp^twilm.  Tbe  ftftbcM  dbtance  Ibetvfure,  at  which  we  am 
fktt  Ibe  luatttt  jmat  of  tbe  great  nebula  iii  Orion,  to  which  tba 
wlwibiiil)  iTtiadiog  Ibe  star  bdonfs,  cannol  well  exceed  the  if 
poa  of  Ibi  Mm  of  tbe  Tib  or  Sib  ntagniluite,  bot  may  be  tnucfa 
ixaffr  :  pcfbipi  i(  aiAj  mn  amount  to  tbe  dbiaoce  of  ibe  stan  of 
tha  9i  «r  Sad  flnfer ;  aad  caotequeolly  ilie  infKl  htnunout  appear* 
nccof  lUiOiMi  aiwt  be  nippoKd  to  be  still  oeaier  lo  us.  Pioa 
tbe  1V17  nandtfable  cbanfei  I  bare  observed  in  the  artangetacBt 
of  ha  iHnliPiilj,  ■»  well  as  from  its  great  exteDt,  thb  inlcrctwi 
fcnai  to  laaw  ibe  »ppon  of  abservation  ;  for  in  vtrj  distant 
olyccta  we  aanol  to  emBiy  perceive  changes  as  in  near  ones,  oa 
Kcooof  of  Ifcaaaalkr  angles  which  both  tbe  objects,  and  it*  change 
wbtead  al  the  tjK.  The  foUowbg  menionuidum  was  Bade  wbea 
I  vieweid  it  in  IT7* :  "  Its  shape  is  not  like  that  which  Dr.  Smitb 
"  baa  ddlnealcrf  in  his  optics,  though  somewhat  resemblinK  il,  beii^ 
"  neari;  as  to  6g.  37  :  from  this  we  mav  iafer  that  ibere  are  ii» 
**  doublcdlj  changes  among  the  regions  of  the  fixed  stars ;  and 
"  parfaapa  fron  a  careful  obserration  of  ibis  lucid  spot,  sonielhinf 
**  may  be  coododed  conccmiDg  the  nature  of  it." 

In  January  1783.  the  nebulous  appearancr  dificivd  mucli  from 
wbai  il  was  in  1760,  and  in  September  il  had  again  undergone  a 
change  in  ita  shape  since  January. 

March  13,  ISII.  With  a  view  to  ascertaiu  such  obvious  alter*- 
tions  u  ihe  disposition  of  the  nebulous  matter  as  inay  he  depended 
tM,  I  selected  a  (elcKupe  that  had  ifa«  same  light  and  power  whicfa 
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tlmlyHWTeD  yean  ago  I  used,  wbeo  I  inade  the  aboTt*meiitioiicd 
drawing ;  and  the  relative  Htoation  of  the  start  remainiog  aa  before, 
I  Ibttad  that  the  arrangement  of  the  nebulosity  diflfert  consideiably. 
The  northern  branch  N  still  remains  nearly  parallel  to  the  direction 
6(  the  stars  al;  bilt  the  aonlheni  branch  5 is  no  longer  eatended 
towards  the  star  d ;  its  direction  is  now  towards  t,  which  is  very 
faintly  involved  in  it.  The  figure  of  the  branch  b  also  difeient ; 
the  aebukisity  ia  the  parallel  P  /*  of  the  three  stare  being  omim  ad- 
vnnetel  towards  the  following  side  than  it  was  fomefly. 

I  compared  also  the  present  appearance  of  thb  nebida  with  the 
deUneation  with  Hnyghena  has  given  of  it  w  hit  SysUmm  Saimmmmp 
f$§t  8b  ^  a^bich  fig  38  is  a  oo}>y*  The  twelve  stare  wUch  he  has 
nrarhed  are  sufiicient  to  point  out  the  arrangement  of  the  nebulous 
anf  to  at  the  time  of  hb  observation*  By  their  sttuation  we  6od 
thai  the  nebula  had  no  southern  branchy  nor  hideed  any  to  tlie 
north,  aiiless  we  call  the  nebulosity  in  the  direelion  of  the  parallel  n 
bramJi;  bat  thefr  thb  branch  b  not  parallel  to  a  line  drawn  from  a  to 
the  star  b ;  moreover  the  star/b  now  involved  in  iauit  nebulosity, 
^hieh  also  reaches  nearly  up  to  g,  and  quite  incloses  IL  The  star  6 
which  is  now  nebulousp  b  represented  as  perfectly  out  of  all  nebu* 
loeif  y,  and  can  hardly  be  supposed  to  have  beoi  afiected  when 
Hnyghens  observed  it* 

The  changes  tlwt  are  thus  proved  to  have  already  happened,  pre* 
para  ns  for  those  that  may  be  expected  hereafter  to  take  place*  by 
the  gradual  candensation  of  the  nebuloos  matter ;  for  had  we  no 
where  an  instance  of  any  alteration  in  the  appearance  of  nebulae, 
they  might  be  looked  upon  as  permanent  celestial  bodies,  and  the 
aacoesaive  changes,  to  which  by  the  action  of  an  attracting  princt- 
pfte  they  have  been  eoncetved  to  be  sul:r|ect,  might  be  rejected  as 
being  unsupported  by  observation. 

The  variom  appearances  of  tiib  nebula  are  so  instructive,  that  I 
shall  apply  them  to*  die  subject  of  the  partial  opacity  of  the  nebulotts 
matter,  which  has  already  been  inferred  from  Its  planetary  appear- 
ance, when  extraaMly  condensed  in  globular  masses ;  but  which  now 
may  be  supported  by  more  dhect  aiguments.  For  when  I  fbrmerlj 
saw  three  fictitious  nebulous  stare,  it  will  not  be  contended  that  then 
were  three  sinaM  shining  nebulosities,  just  in  the  three  lines  in  which 
I  iaw  thim»  of  which  two  are  now  gone  and  only  one  remaining.  As 
tvaH  m^.tkn  aaiobe  tiie  light  sarranndmg  a  star,  which  is  seea 
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Ifarougli  m  mnt,  to  a  quality  nf  shining  belonging  to  that  parliculnf 
part  of  llie  mist,  irliich  by  citaoce  happened  to  be  situated  where  the 
Mar  is  Men.  If  tben  the  former  tiehulosity  of  the  two  slurs  whicb 
have  ceaxd  lo  be  nebulous  can  only  bi-  ascribed  to  an  efl'ect  of  the 
(r«n«l  or  penemiion  of  their  light  through  nebulous  mailer  wkirh 
dHkcteW  and  scaltcred  it,  we  have  noyr  a  direct  proof  that  this  mat* 
frrcan  exist  in  a  slate  of  opacity,  and  may  pouibly  be  diffused  ib 
mmj  parts  of  the  heavens  without  our  being  able  to  perceive  it. 

That  there  has  been  abining  as  well  as  opaque  nebulous  matter 
about  the  hiige  star,  appears  from  several  observations  I  have  made 
upon  the  light  which  surrounded  it-  In  1763  the  nebulosity  about 
it  was  to  considerable  in  brightness,  and  so  much  on  one  side  of  it. 
Ibil  liw  star  did  uot  appear  to  have  any  connection  with  it.  The 
tCMon  of  whicb  is  plainly,  tliat  the  shining  quality  of  the  nebulous 
matter  tben  overpowered  tJie  feeble  scattering  of  the  light  of  the  star 
in  the  Dcbolosily. 

32.  Of  Stellar  Nebula:. 
It  basbeeo  remarked  that  diffused  nebulosities  may  exist  ur- 
haowu  to  us,  among  llic  more  distant  regions  of  the  li\ed  stars  ;  and 
ibough  we  may  not  be  able  to  see  a  nebulous  difiiisiun  that  is  far- 
ther from  ui  than  the  moderate  distance  at  which  we  now  have  re»- 
•ou  to  suppose  the  faintest  visible  ntbulusity  of  the  uebula  in  Orion 
lo  be  placed  ;  yet  if  some  former  difTusion  of  the  nebulous  malter 
should  Im  already  reduced  into  separate  and  much  condensed  ne- 
hulx,  they  might  then  come  within  t)ie  reach  of  telescopes  that  have 
a  great  power  of  collecting  light :  this  being  admilted,  there  is  a 
probability  that  some  of  the  various  difiiisions  of  the  nebulous  mat- 
ter, from  whicli  our  present  nebulae  derive  their  origin,  may  have 
been  much  farther  from  us  than  others.  For,  in  every  deKription 
of  f)j;ure,  sisc  and  condensation,  of  which  I  have  given  instances, 
we  find  not  only  very  bright  and  very  large,  but  also  faint  and  small, 
as  well  as  extremely  lauit  and  extremely  small  nebule;  and  the 
aaw  gndations  will  now  be  found  to  run  through  that  class  which 
1  bive  called  stellar  nehulie.  This  classification  was  iulroduced  in 
m;  sweeps  when  the  objects  lo  be  recorded  came  in  so  quick  a  suc- 
eaiBBn  thai  1  found  il  expedient  to  express  as  much  as  I  could  in  as 
few  words  as  possible,  and  by  calling  a  nebula  stellar,  I  intended 
denote  that  ibc  object  lo  which  I  gave  this  name 
K  4 
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place  as  i mall,  or  almost  as  small,  as  a  star ;  aod  in  the  aext,  that 
nolwithstandifig  its  smallness,  aud  starlike  appearance,  it  bore  evi- 
dent marks  of  not  being  one  of  those  objects  which  we  call  stars, 
and  of  which  I  saw  many  at  the  same  time  in  the  telescope. 

The  following  three  collections  contain  one  hundred  and  seven- 
teen stellar  nebulse,  which  have  been  assorted  by  thdr  brightness, 
that  their  comparative  condensation  might  be  estimated  according 
to  the  di^erent  distances  at  which  we  may  suppose  other  nebulae 
of  the  same  degree  of  light  to  be  placed  *• 

1. 71  is  **  A  considerably  bright,  very  small,  almost  stellar  nebula ; 
^  the  brightness  diminishing  insensibly  and  breaking  off  pretty 
**  abruptly.  The  whole  together  is  not  more  than  abont  7  or  8^^  in 
^  diameter."  A  second  observation,  made  in  a  remarkable  clear 
morning,  says,  that  **  the  greatest  brightness  b  towards  the  following 
*  side,  and  that  the  very  iaiat  nebulosity  extends  to  near  a  minute.** 

This  b  probably  a  condensation  of  a  former  nncleus  with  sur- 
roundiDf(  chevelure, 

I.  S68  is  **  A  very  bright^very  small,  round  stellar  nebula.'*  Fig.  30. 
Thb  may  be  a  former  planetary  nebula  in  a  higher  state  of  con* 

densation. 

II.  110  is ''  A  very  bright  small  steUar  nebula  or  star  with  a  bur 
«  all  a-ronnd.**    Fig.  40. 

Thb  star  with  a  bur  b  propably  one  that  was  formerly  a  plane* 
tary  nebula  with  a  pretty  strong  haziness  on  the  borders. 

II.  603  is  *'  A  pretty  bright  stellar  nebula,  or  a  pretty  consider* 
able  star  with  a  very  faint  ehevelure."    Fig.  41. 

This  may  have  been  a  planetary  nebula  with  a  lamt  haxiness 
about  the  margin. 

IV.  46  b  *'  A  very  small  pretty  bright,  or  considerably  bright 
^  stellar  nebula,  like  a  star  with  bun.** 

It  may  have  been  a  pretty  well  defined  planetary  nebula. 

If  it  should  be  deemed  singular  that  we  have  not  a  greater  num« 
ber  of  brighf  stellar  nebulss,  I  must  remark  that,  if  the  stellar  b  a 
■accession  of  the  planetary  state,  the  number  of  bright  stellar  b  suf* 
6<iently  proportionable  to  that  of  the  planetary  nebulae ;  and  as  the 
faint  nebulae  are  far  waort  numerous  than  the  bright  ones,  so  it  will 
be  seen  by  the  references  in  the  two  next  assortments,  that  in  propor- 

*  See  First  tusorimeia epuiaimnfi  Hx  0/ th€  brigkieit  iUlUtr  n9k*l«t>  I*  7  It 
eeS.  1I,M0^008.  IT.32|46, 
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neb  more  copious  co)l«c. 


tfon  as  briglilDCM  decreases,  wc  hav 
lion  of  sicllar  nebul»  *. 

II.  663  b  "  A  prerty  bright  very  small  itellar  nebiiia." 
Iliii  nebula  and  the  rest  of  iheni,  which  are  all  of  llic  same 
detcriplion,  must  be  looke<l  upon  as  coiidensaiions  of  distant  ne- 
bolK  ihal  had  nuclei,  or  were  neurly  about  tbe  planetary  condition  i. 
In  lliti  collection  of  nebulx  we  have  nianj  of  a  different  descrip- 
lion.     In  some,  tbe  mark   whereby  they  were  di^tiiigubhed  from 
itars  was  their  figure,  the  object  not  being  so  smalt  but  that  it» 
figure  might  still  he  perceived.     Of  others,  some  difference  iu  the 
brigbtoebt  between  the  center  and  outside  was  visible ;  and  many 
of  tfaein  were  only  called  stellar,  because  by  some  deficiency  or 
oilier  in  the  appearance  it  was  evident  they  were  not  perfect  stars. 
Imtances  of  every  sort  will  be  seen  in  ihe  following  descriptions. 
11.  M4  b  "  A  »ery  faint  stellar  nebula,  or  a  little  larger." 
II.  8(10  is  "  An  rilreuKly  faint  veiy  small  round  stellar  nebuln." 

II.  423  i*  "  A  faint  very  small   stellar  nebulu,  of  au  irregular 
"  figure." 

JIX.  145  u  "A  very  fHitit  stellar  nebula  ;  a  tittle  extended." 

III.  691  ia  "  A  consiiicrably  faint  stellar  nebula,  suddenly  much 
"  bri|bler  in  the  middle." 

3'J.  Of  Sidlar  Nebu/a  nearli/  approaching  to  the  Jppearanrt 
of  Stars. 
Tbe  starlike  appearance  of  the  following  six  nebulv  is  so  con- 
sidenible  that  the  best  description,  which  at  the  time  of  observa- 
lioo  I  could  give  of  tlum,  was  to  compare  tbem  to  stars  with 
ccrtaiii  deficiencies}. 

"  Ut  Su»9i  tntrtmcnl  contalaiag  cUctK  lUllar  lubuUr  af  Ik,  neTl  iefnt 

*f  irigktina.     II.  159,   178,  17V,  aO«,  239,  663,  676,  689,  708,  820,867. 

t  Stt  Tkiri  atorlmtnt  coutaimng  mt  Stindrtd  MttUat  ntbuta  if  nvirnl  df 

grtti  g/ZualMU.     II.   te7,   191,  IVi,  SW,  311,  MS,  4+3.  44)1.  449,  434, 

618,  6d0,  699,  693,  IIS.  711,  723,  73S,  740,  7KI,  8IJ,  848, 

14,  119,  WS,  136,  U5,  151,  161,  167,  168,  180,170.171, 

188.  215,  SSI,  33'',  934,  240,  960,  OT6,  977,  278,  289,  294, 

400,  401,  418,  429,  493,  494,438,439,469,476,530,536, 

S64,  565,  571,  576,  59U,  606,  697,679.691,706,737,741, 

774,  777,  786,  793,  805,  613,  891.  8S8,  843,   8S9,   853, 


iSO.  ill,  i16, 
111.81,  IU9,  1 
IT?,  173,  175, 
fU>,  3«,  Ml, 

Ml,  3fi«,  iea, 

7M.  769,  7TD, 
ti6,  916. 
i  Sm  T%rtt 


n  mux  tan.    U.  6SS.    IV.  V,  49. 
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IV.  49  is  *'  A  pretty  bright  stelbr  nebola,  like  a  star  nitk  a 
**  small  bur  all  around." 

The  other  two  are  of  the  same  nature*. 

IV.  15  is  ''A  stellar  oebulaj  or  rather  like  a  ftint  star  with  a 
**  small  chevelure  and  two  bors.*' 

The  other  two  are  nearly  of  the  same  description. 

34.  Of  Doubtful  Nebula. 

It  may  have  been  remarked,  that  many  stellar  nebnlse  of  my 
catalogues  have  the  memorandum  added  to  their  descriptions  that 
they  were  confirmed  with  a  higher  magnifying  power,  and  that  this 
was  sometimes  attended  with  difficulty,  and  sometunes  could  not 
be  successively  done. 

A  collection  of  thirty-four  nebulae  that  come  under  this  descrip- 
tion b  as  follows  f: 

II.  470  is  "  A  small  stellar  nebula."  By  a  second  observation 
a  doubt  entertained  in  the  first  was  removed  with  240»  which 
shewed  it  **  pretty  bright^  but  hardly  to  be  distinguished  from  a 
star." 

III.  29  is  ''  A  very  fabt  extremely  small  stellar  nabula,  or  rather 
**  nebulous  star.*'  The  sweeping  power  left  me'  rather  doubtful ; 
**  240  verified  it. 

It  must  be  noticed,  that  in  these  nebulae  the  doubt  which  was 
entertained  did  not  relate  to  the  exbtence  of  the  objects,  but 
merely  to  their  nature ;  and  when  the  suspected  nebula  was  so  faint 
that  even  its  exbtence  was  doubtful,  a  higher  power  was  applied 
only  with  a  view  to  ascertain  whether  the  object  exbted  as  nebula 
or.aa  star;  for  had  the  suspicion  of  its  exbtence  not  been  accom- 
panied with  the  expectation  of  its  lieing  a  nebula,  it  could  never 
have  been  attempted  to  be  verified  {• 

III.  270  b  '*  A  very  faint  extremely  small  stellar  nebula ;  S40 
'*  verified  it  with  difiiculty  and  considerable  attention^  the  night 

<*  being  uncommonly  clear.** 

* -«— . 

•  See  Three  9tart  with  a  fidni  chevelure,     lY.  15,  21,  31. 

■f  See  Fint  tusortment  comtatming  twenijhjide  veH/Ud  tteliar  tuhula.  II.  470, 
502^  661.  III.  29,  SO,  84,  124,  135,  174,  184,  187,  202^  207,  214,  226, 
254,  266,  268,  269,  513,  549,  604,  742,  748,  964. 

•(  See  Second  atsortmeni,  conUdningJiot  HeUariuhukt  verified  with  difficuUy* 
III.  115,  212,  219,  f62,  270. 
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UL7i>  *■  A  mttMom  ttat.  b«l  rfMtbiM  oT  Uw  —>iliMly. 
••  Vilfc  140  Ikt  tane  dauMvl  tppnnatoe  coatinun."     Fig.  «?. 

Wilk  Hm  vhjttA  tke  doabt  «bkh  remincd  could  onlj  ivhie  la 
Ifce  lahMC  of  il ;  for  bcrag  at  fint  sight  taken  to  be  a  ucbulous 
MTi  iU  cxatCBM  twikUl  not  be  a  subject  for  examiiuiiioa ;  but  (be 
■■Bnhvd  doabl,  whctlMf  an  object  is  a  nebula  or  a  star,  must 
ctrtaJ;  W  sHowcd  hi  be  u  gml  a  proof  of  ideality  as  w*  can 


SS.  ConciwitHg  Remarla, 

The  total  disdmilitude  between  the  appearance  of  a  difTiision  of 

ibeiKbalovs  matter  and  of  a  star,  is  so  striking  that  an  idea  of 

ODC  wbo  has  not  before  him  the  result  of  the  critical  examination 
of  tbe  Debnlous  lyslem  wbich  lias  betii  displayed  iu  tlib  paper. 
TV  ead  I  have  bad  in  view,  hy  arranging  my  obseivaltoiu  in  the 
order  in  which  tbej-  have  be«a  placed,  has  been  (o  show,  thui  (he 
iboTe>iiienlioned  extremes  may  be  connericd  by  such  nearly  allied 
iutrrmcdiate  steps,  as  will  make  it  binli))'  probable  Ihat  every  suc- 
ceeding &tate  of  the  nebulous  mailer  is  the  rvsult  of  (he  action  of 
graviuikm  upon  it  while  in  a  foregoing  one,  and  by  titcli  steps  the 
tuecessivt  coiideasatiun  of  it  has  been  brought  up  lo  the  planetary 
condition.  From  this  Ibe  transit  to  the  stellar  form,  il  bus  betn 
thown,  requires  but  a  >'ery  small  additioual  compression  of  tiM 
ntbutoot  matter,  and  seveni  instances  have  been  giveu  which  con- 
ned the  planetary  to  the  stellar  appeamuce, 

Tbe  fjini  stellar  ucbulie  have  also  been  well  connected  wilh  all 
sorts  of  (kint  nebulae  of  a  liLrger  siae;  and  in  a  number  of  ilia 
uoaller  sort,  their  approach  l>j  the  starry  appearance  is  su  advan* 
crd,  that  in  my  observaliuns  of  many  of  them  it  became  doubtful 
whelher  they  were  not  stars  already. 

It  nMUt  luve  been  iioliced,  that  I  have  confined  myself  in  every 
Mt  of  the  preceding  articles  to  a  few  remarks  upon  the  apjiearBncc 

•  See  mrdaiiortnuiil,  oifaininj  /»iu-  objnli  I/i.ii  touW  ■«!  te  verifi,it. 

111.  It  ne,  36S,  t<>3. 
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of  the  nebulous  matter  In  the  state  in  which  my  obseirations  repre- 
sented it;  they  seemed  to  be  the  natural  result  of  the  observations 
under  consideration,  and  were  not  given  with  a  view  to  establish  a 
systematic  opinion,  such  as  will  admit  of  complete  demonstration. 
The  observations  themselves  are  arranged  so  conveniently  that  any 
astronomer,  chemist,  or  philosopher,  aftar  having  considered  my 
critical  remarks,  may  form  what  judgment  appears  most  probable 
to  him.  At  all  events,  the  subject  is  of  such  a  nature  as  cannot 
fiul  to  attract  the  notice  of  every  inquisitive  mind  to  a  contempla- 
tion of  the  stupendous  construction  of  the  heavens ;  and  what  I 
have  said  may  at  least  serve  to  throw  some  new  light  upon  the 
organization  of  the  celestial  bodies. 
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tr  win  be  sMn  that  ia  Ihii  paper  I  hate  only  considered  Ihe  ne- 
baloiu  pari  of  the  conslruclion  of  the  hesTctis,  mid  have  laben  a 
»l«r  for  Ibe  hmil  of  my  researches.  The  rich  collection  of  clusters 
of  ilan  coatBiDed  in  the  6th,  7tb,  and  8lb  classes  of  my  Calaiogues. 
aod  man;  of  Ihe  Conniassance  dei  Tempi,  have  as  yet  been  lel\  un> 
noticed.  Several  other  objeclt,  in  which  stan  and  nehulosily  are 
nixedi  tucb  as  nebulous  stars,  nebulae  containing  stars,  or  suspected 
dioten  of  alars  whiclt  yet  may  be  nebula;,  have  not  been  intro- 
dated,  H  Ibey  appeared  to  belong  to  the  sidereal  part  of  the  con- 
ttruction  of  the  heavens,  into  a  critical  examiaalioD  of  which  it 
HIS  DOI  m;  laleDtion  to  enter  in  this  paper. 

WILLIAM  HERSCHEL. 
SiM^h,  near  m>idw. 
Jtftfy36,  tSli. 

[Ilerscket,  PhiL  Trans.  1811.] 


BECAPITlTL&TtON  OF  DR.  BERSCIIEL  S  VERY  INGENIOUS 
AND  IMPOBTANT  OBSEEVATIONS  IN  THE  PltCCEDltiQ 
CUAPTBB. 

i-'a.  Uebscbel  supposes  that  the  luminous  fluid  which  so  often 
appear*  in  di&rent  parts  of  (be  heavens  and  tlirows  streaks  ulliwart 
them,  is  not  light  immediately  issuing  fT<Hn  stars  too  remote  to  be 
traced  by  the  telescope,  but  exinling  independently  of  stars  or 
planets,  though  perhaps  originally  thrown  forth  from  them. 

It  is  not  matter  of  light  alone,  for  it  is  sometimes  capable  of 
opacity,  though  usually  luminous,  and  a  source  of  light.  When  ibis 
iublJe  material  eiists  in  irregular  loose  masses  he  culls  it  a  nebula- 
nty,  or  luminous  cloud.  Its  residence  he  su]^ses  to  be  within 
tbe  nage  of  the  remotes!  stars,  though  beyoixl  those  of  the  second 
and  third  niagaitudes;  yet  similar  diffusions,  he  conceives,  may  also 
esilt  at  distances  where  they  cannot  be  seen. 
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Agreeably  to  the  laws  of  gravitation  or  the  centripetal  fotce»  he 
supposes  the  different  particles  to  have  a  tendency  of  approaching 
to  each  other,  and  that  sone  eirciunstaBccs,  anknown  ta  ut,  may 
occasion  a  preponderating  influence,  nsnally  in  the  centre  of  a 
diflused  mass,  but  sometimes  in  other  quarters.  Hence,  a  lumi- 
nous nucleus  will  be  produced  by  the  concentration  that  mutt 
necessarily  follow,  which  wiU  progressively  attract  and  detennioc 
the  circumjacent  luminous  matter  to  itself,  and  diminvih  the  extent 
of  the  general  range;  and  in  this  case  what  waa  a  tulmhsUf  will 
become  a  n^a/o* 

The  nnclei  may  sometimes  be  doubki  or  trifde,  or  still  nnere 
complicated  in  the  same  nebulosity,  and  whenever  tfab  occurs,  Ike 
nebulosity  will  be  broken  into  different  nebulse,  or  smaller  lumi- 
nous clouds ;  and  if  some  of  them  be  much  minuter  than  others, 
they  may  ultimately  attend  upon  them  as  satellites  upon  a  planet. 
If  the  nebulae  have  a  hazy  or  superficial  lustre,  he  calls  them  plane- 
iary;  if  they  be  uniformly  luminous,  he  denominates  them  stellar. 

Dr.  Herschel  conceives  that  stars,  planets,  and  comets,  may  all 
occasionally  originate  from  such  a  source ;  that  a  rotatory  motion 
must  ensue  from  the  preponderancy  of  action  of  a  greater  mass  of 
particles  on  one  side  of  the  nucleus  than  on  other  sides :  and  that, 
as  many  of  these  particles  are  probably  elastic,  an  apparent  haze 
or  chevelure,  coma  or  hair,  must  often  appear  to  surround  the 
nucleus.  When  the  whole  of  the  luminous  circumferent  matter  is 
consolidated  by  gravitation  into  the  nucleus,  the  planetary  nebula 
becomes  then  a  real  star ;  some  of  which  stars,  before  they  become 
perfectly  consolidated,  have  visibly  famt  chevelures,  or  else  burs, 
or  prickles.  The  nebulous  matter  contained  in  a  cubkal  space  seen 
under  an  angle  of  ten  degrees,  will  admit  of  a  condensation  of  two 
trillion  and  two  hundred  and  eiglit  thousand  billion  times,  before  it 
can  be  so  consolidated  as  to  constitifte  a  globe  of  the  diameter  of 
our  sun. 

The  ground-work  of  these  opinions,  or  the  principles  A'om  which 
these  results  are  drawn,  will  be  found  at  length  in  the  preceding 
chapter,  and  they  are  too  curious  and  of  too  much  consequence  for 
us  to  diminish  their  force  by  an  abridgment.  Yet  the  younger  and 
the  less  inquisitive  among  our  readersi  will  feel  obliged  to  as  for 
presenting  them,  in  the  chapter  before  us,  with  a  miniature  view  of 
the  general  information  they  contain. 

EdUor. 


r 


t    lis  ] 


ACCOVXT  or    DB.  UERBCIIELS    PA  PER  ON  THF.  CH  A  N  G  KB 
TBAT  HAVE    HAPPENED    DURING  THE   LAST  TWENTT- 
ri*K      TEARS,      IN      THE      RELATITE      SlTLATtON      OF 
aOUSbB    GTARS;    WlTtl      AN     INVESTIGATION     OF    TUKi 
CAtlSB  TO  WHICH  THBY    ARE  OWING. 

i-^K.  Ilcrachel  devoles  thb  pajter  principally  lo  the  romiileratioal 
of  Ihe  secoDtt  cUm  of  the  sy^ieini  intn  vfhidi  he  has  divtdeH  tM  f 
»i<let«&l  worlil.  Afler  curwirily  rniiniking,  with  re^p^ct  (o  ihej 
»olir  mlem,  u  a  tpet-JmeTi  of  the  first  class,  which,  amon^  the  iri-l 
iulated  tttn.  coinprrheiids  the  Sun,  thul  the  afTectJons  of  ibe  J 
aewlji  dncovered  celestial  bcMlies  extend  our  knowledge  of  the  con-  I 
strucliim  o(  th'n  imulateil  system,  which  ii  best  known  to  us;  be 
pruc<rd]  to  support,  by  (he  evidence  of  obserratinD,  the  npioion 
nhicb  be  has  bel'ure  advanced,  of  the  existence  of  binary  sidereal 
combinations  revolving  round  the  common  centre  of  gravity : 
Dr.  Hertchel  first  coNsiders  the  apparent  etfect  of  the  inottnn  of 
ejlher  of  the  Unce  bixlies  concerned,  the  tuo  stars,  aiiit  the  Sun 
Hith  iti  attendunt  planets ;  and  then  states  the  arguments  reipciting 
the  niotioiu  of  a  few  only  out  of  llie  (ifly  double  stars,  of  wbicU 
he  baa  ascertatueit  the  revolutions.  The  first  example  is  Castor,  or 
■Iplw  OcmitiorMni ;  here  Dr.  Hcrscbel  slops  lo  show  how  accu- 
rately  U»  appuvnl  dianieler  of  a  star,  viewed  with  a  constant 
ma^ifyiiig  power,  may  be  asaunied  ai  a  measure  of  snkall  angulsr 
di3taiic«i ;  he  found  that  ten  diflerent  mirror?,  of  seven  feel  focti 
Irnglb,  exhibited  no  perceptible  diffrrence  in  this  respect.  In  the 
(»se  of  Castor  no  change  of  the  distance  of  the  stars  has  been  ob- 
•enretl,  but  their  anuular  situation  appears  l«  have  varied  somewhat 
mare  thau  4i°  since  it  whs  observed  bv  Dr.  Bradlev,  in  t/S?'; 
»nd  they  have  been  found  by  Dr.  Herschel,  in  intermediate  po»i- 
tjons  a  inlerinediate  times.  Dr.  Ilerscliel  allows  that  it  i*  Imreljr 
poiAle  that  a  separate  proper  motion,  in  each  of  the  stars  and  in 
the  Sm,  may  have  caused  such  a  change  in  the  relative  situation, 
but  Ibu  the  probability  is  very  decidedly  in  liivour  of  the  existence 
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of  a  revolutJOD.  Its  period  must  be  a  little  more  thau  343  years, 
aod  its  plaoe  nearly  perpendicular  to  the  direction  of  the  Sun. 
The  revolution  of  gamma  Leonis  is  supposed  to  be  in  a  plane 
considerably  inclined  to  the  line  in  which  we  view  it,  and  to 
be  performed  in  about  1200  years.  Both  these  revolotions  are 
retrograde ;  that  of  epsilon  Rootis  is  dhrect,  and  b  supposed  to 
occupy  l68l  years,  the  orbit  being  in  an  oblique  positioo  with 
lespect  to  the  Sun.  In  seta  Herculis,  Dr.  Herschel  observed,  in 
1 802,  the  appearance  of  an  occultation  of  the  small  star  by  the 
larger  one:  in  1782  he  had  seen  them  separate ;  the  plane  of  the 
revolution  must  therefore  pass  nearly  through  the  Sun ;  and  this  is 
.all  that  can  at  present  be  determined  respecting  it  The  stars  of 
delta  Serpentis  appear  to  perform  a  retrograde  revolution  in  about 
875  years :  their  apparent  distance  is  invariable,  as  well  as  that  of 
the  two  stars  which  constitute  gamma  Virginisb  the  last  double  star 
which  Dr.  HerscheL  mentions  in  this  paper,  and  to  which  he  attri- 
butes a  periodical  revolution  of  about  708  years. 

[Young's  Nat.  PkUoiopk.  VoL  IL-^Jawmab  of  the  Bmfol 
InstUuiion,  VoL  11.} 


CHAP.  X. 

DR.  HERMHEL's  OBSERVATIONS  OF  THE  COMET  OF  THE 
YEAR  1811,  WITH  REMARKS  ON  THE  CONSTRUCTION 
OF  ITS  DIFFRENET  PARTS. 


X  HE  Comet  which  has  lately  visited  the  solar  system  has  moved  io 
an  orbit  very  fovourably  situated  for  astronomical  observations. 
I  have  availed  myself  of  this  circumstance,  and  have  examined  all 
the  parts  of  it  with  a  scrutinizing  attention,  by  telescopes  of  every 
degree  of  requisite  light,  distinctness,  aod  power. 

The  observations  I  have  made  have  been  so  numerous,'  and  so 
oiten  repeated,  that  I  shall  only  give  a  selection  of  such  as  were 
made  under  the  most  favourable  circumstances,  and  which  will 
serve  to  ascertain'  the  most  interesting  particuUm  relating  to  the 
construction  of  the  comet. 
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A*  my  aneBtioii  in  tliese  obserralioiis  wrre  every  night  directed 
to  ta  nuny  particulars  a»  could  be  investigated,  it  will  be  most  con- 
veflienl  to  a»Drt  tigelher  tliuiie  wlikli  belong  to  llie  same  object; 
■adja  the  (utlowitig  arraDgement  I  shull  begin  witb  the  principal 
fkirt,  wliicli  is 

The  planeiaiy  Body  in  the  Head  of  the  Comet, 

By  directing  a  telescope  to  that  part  of  the  bead  where  with  llie 
nM  eye  I  saw  a  lumiuuiis  apjieatauce  not  uiililte  a  star,  I  Tound 
Unl  dut  qiol,  which  perhaps  some  astronomers  may  call  a  nucleus, 
ma  only  Ibe  liead  of  the  comet;  but  thai  wilhiu  its  densest  light 
(Iwre  WM  aa  extreaieljr  small  bright  point,  cutirely  distinct  from  the 
■MTMwding  glare.  1  exdmined  Ibis  point  with  my  20  feet,  large  10 
fMttCoaunoii  10  fe«t,and  also  witli  a  7  feet  leleKope ;  and  with  every 
oM  of  Uiese  iuslrumeuts  I  ascertained  the  realily  of  ils  existence. 

At  lite  very  first  sight  of  it,  1  judged  it  to  be  much  smaller  than 
the  Gute  planetary  disk  in  Ibe  head  of  the  comet  of  the  jear  1 80? ; 
liot  M  we  are  well  assured  that  if  any  solidiiy  resembliitg  that  of 
the  fibiKls  be  contained  in  the  comet,  it  must  be  looked  for  la  Ibis 
briglit  point;  I  have  culled  i(  the  |>laneiuiy  bodj;  in  order  (o  dis< 
li^niah  it  from  what  to  tbe  naked  eye  or  in  small  telescopes  ap- 
pcwed  to  be  a  nucleus,  but  which  hi  tact  was  ibis  little  body  with 
ill  Monmiding  light  or  bead  seen  together  as  one  object. 

With  ft  oew  10  feet  mirror  of  extraordiuary  distinctness,  lex* 
aminnl  ibc  bright  point  every  fine  evening,  and  found  thai  allhougli 
ris  cooloar  was  certainly  not  otherwise  than  round,  I  could  but 
*ety  aeMom  perceive  it  definedly  to  be  so. 

.  Ai  Udmlo  I  had  only  used  moderate  magnilicrs  from  100  to 
160,  bcttOM  Ifaey  gave  a  considerable  brightness  to  the  point,  it 
occurred  to  lie  that  higher  powers  might  be  required  to  increase 
its  apiMml  magnitude ;  accordiogly  the  I9lh  of  October,  having 
pre|HUcd  nusnifiers  of  I69,  340,  300,  400,  and  6OO,  1  viewed  the 
bright  point  successively  with  these  power*. 

Willi  16q  it  appeared  to  be  about  the  sise  of  a  globule  which  ia 
the  asoming  1  had  seen  in  the  »anie  telescope  aud  with  tl>e  same 
,  and  wbich   by   geometrical   calculation  subtended   an 

1  that  Ibis  apparent  size  of  Ihe  bright  point  was  only 
wriously  atiw  from  every  small  star-like  t^pearance; 
12 
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Bod  this  was  fully  confirmed  when  1  examined  it  with  340 ;  for  by 
tfiis  its  magnitude  was  not  increased ;  which  not  only  proved  that 
my  power  was  not  sufficient  to  reach  the  real  diameter  of  the  ob* 
ject»  but  that  the  light  of  this  point  was^  like  that  of  small  8tars» 
sufficiently  intense  to  bear  being  much  magnified. 

I  viewed  it  next  with  300,  and  here  again  I  could  perceive  no  in- 
crease of  size. 

When  I  examined  the  point  with  400,  it  appeared  to  me  some- 
what larger  than  with  300 ;  I  saw  it  indeed  rather  better  than  with 
a  lower  power,  and  had  reason  to  believe  that  its  real  diameter  was 
now  within  reach  of  my  magnifiers.  Curiosity  induced  me  to  view 
h  in  the  7  f^t  telescope  with  a  power  of  460{  and  notwithstanding 
the  inferior  quantity  of  light  of  this  instrument,  the  magnitude  was 
fully  sufficient  to  show  that  the  increase  of  size  in  this  telescope 
agreed  with  that  in  the  10  feet* 

Returning  again  to  the  latter  I  examined  the  bright  point  with 
600,  and  saw  it  now  so  much  better  than  with  400,  that  I  conld 
keep  it  steadily  in  sight  while  it  passed  the  field  of  view  of  the  eye- 
glass. 

With  this  power  I  compared  its  appearance  to  the  size  of  several 
globules,  that  have  been  examined  with  the  same  telescope  and 
magnifier,  and  by  estimation  1  judged  it  to  be  visibly  smaller  than 
one  of  I'^OS  in  diameter,  and  rather  larger  than  another  of  o'^,6ft« 

It  should  be  noticed  that  I  viewed  the  globules,  which  were  of 
sealing-wax,  without  sunshme,  hi  the  morning  ailer  t6e  observation 
as  well  as  the  morning  before;  referring  in  one  case  the  bright 
point  to  the  globules,  and  in  the  other  the  globules  to  the  bright 
pornt^ 

The  apparent  and  real  Magnitude  of  the  planetary  Body. 

The  size  of  the  bright  point  being  much  more  like  the  smallest 
of  the  two  globnles,  shall  add  one  quarter  of  their  difference  to 
(/'pGSf  and  assume  the  sam,  which  is  (y\775  as  the  apparent  dia- 
meter of  the  planetary  disk* 

Then  by  a  calcnlation  from  some  corrected  elements  of  the  cooMt^s 
orbit,  which,  though  not  very  accurate,  are  however  sufficiently  so 
for  my  purpose^  I  find  that  the  distance  of  the  comet  from  the 

*  A  Mmllar  laethod  was  used  with  the  comet  of  1807.  See  PhU.  Trans,  for 
1806,  page  145. 


WITH  BEMARES  Oy  ITS  CONSTRUCTION. 

esrlli.  al  the  time  of  oWrvatioii,  »a*  nearly  1  li  milHona  of  mill 
from  which  it  follows  ihiit  llie  bcighl  point,  or  what  we  may  admit 
lo  be  the  ralid  or  planetary  boity  of  llie  comet,  is  about  423  miles 
in  diaineter. 

The  Recent  TIC  ill/  and  Co/our  of  the  planetary  Bodi/. 

The  «iltiaUon  of  the  bright  point  was  not  in  the  middle  of  tlje 
bead,  but  was  more  or  less  eccentric  at  drfferent  limes. 

Tbe  l6th  of  October  that  part  of  llie  liead  which  waa  towards 
the  nm,  was  a  little  brighter  and  broader  ihan  Ihnl  towards  the  tail, 
w  that  the  planetary  disk  or  point  was  a  little  eccentric. 

The  I7lfa  I  found  its  situation  lo  be  a  lillle  beyond  the  centre, 
reckoning  the  distance  in  the  dirtclion  of  a  line  drawn  from  tbe 
■DD  throDgb  tbe  cejiirc  of  tlie  bead. 

TIk  4tli  of  November  it  was  more  eccentric  than  I  had  ever  Ken 
it  befoK, 

Nov.  10,  1  found  no  alteration  in  (he  eccentricity  since  tbe  last 
obtertation. 

The  colour  of  the  planetary  disk  was  of  a  pale  ruddy  tbt,  like 
llul  of  such  equally  small  stars  as  are  inclined  to  red. 

Tfie  Jllvminalion  of  the  planetary  Body. 

Tlie  smallness  of  the  disk,  even  when  tnos'  magnified,  rendered 
any  determination  of  its  shape  precarious;  however  had  it  been 
otherwise  than  round,  it  might  piobalily  have  been  perceived ;  the 
pliasis  of  its  illnraiuation  at  the  time  of  observation  being  to  a  full 
disk  as  1,6  lo  3. 

From  tilts  as  well  as  from  the  high  magni^,'ing  power,  which  a 
po'uH  w  fktnl  could  not  hiive  borne  with  advantage,  bad  it  shone 
by  reflected  light,  we  may  infer  that  it  was  visible  by  rays  emitted 
from  hs  own  body  •. 

•  Ob  llWUitiJeclaf  the  nature  of  the  light  bv  wtaidt  we  aer  Ihii  romrf,  I  inaj 
rrfc  In  wliat  hiu  been  taM  in  my  papier  of  Dbirrtalions  on  Ihal  of  Ibe  year 
I8n7 .  Thaie  vho  wiih  nifo  In  coiKult  the  opinion  of  an  eminent  |ihilosapher, 
whine  tAlaalde  worlu  on  mcteoraluxical  iiriiiccli  are  well  known,  will  SDd  it 
tiprrHed  at  InrKC  in  a  teller  rrom  Mr.  De  Luc,  nddreitieil  lo  Mr.  Bode,  w  fat 
buk  ■■  (he  year  1790,  and  reprinted  in  Mr,  Klchalson'i  Journal,  publtihed 
llx  lit  of  Uacrt  ie09. 
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Tlie  Head  of  the  Comet. 

it  has  alteadj  been  Doticed  that  the  brightest  part  of  the  comet 
seen  by  the  naked  eye,  appeared  to  contahi  a  small  star*like  nu« 
deus.  When  this  was  viewed  in  a  night-glass,  or  finder,  roagniiyiog 
only  6  or  8  times,  it  might  still  have  been  mistaken  for  one$  but 
when  I  applied  a  higher  power,  such  as  from  60  to  120«  it  retained 
no  longer  this  deceptive  appearance ;  which  evidently  arises  from  an 
accumulation  of  light,  condensed  into  the  small  compass  of  m 
few  minutes ;  and  which  of  course  will  vanish  when  diluted  by 
magnifying. 

Sept.  3, 1  saw  the  comet  at  Olasgow,  in  a  14  feet  Newtonian  re- 
flector ;  but  being  very  low,  the  moon  up,  and  the  atmosphere  hazy, 
it  appeared  only  like  a  very  brilliant  nebula,  gradually  brighter  in  a 
large  place  about  the  middle* 

The  9th  and  10th  of  September  at  Alnwick,  I  viewed  it  with  a 
fine  achromatic  telescope,  and  found  that,  when  magnified  about  65 
times,  the  planetary  disk-like  appearance  seen  with  the  naked  eye, 
was  transformed  into  a  bright  cometic  nebula,  in  which,  with  this 
power,  no  nucleus  could  be  perceived. 

The  18th  of  September  the  star-like  object  in  my  large  10  feet 
reflector,  when  magnified  110  times,  had  the  appearance  of  a  fino 
globular  luminous  nebula ;  it  seemed  to  be  about  5  or  6  minutes  in 
diameter,  of  which  one  or  two  minutes  about  the  centre  were  nearly 
of  equal  brightness.  The  small  10  feet  showed  it  in  the  same 
manner. 

In  all  my  instruments  this  bright  appearance  was  equally  trans- 
formed mto  a  brilliant  bead  of  the  comet,  with  this  difference,  that 
when  high  powers  were  applied,  the  central  illumination  which,  mo- 
derately magnified,  was  pretty  uniform,  became  diluted  into  a 
gradual  decrease  from  the  middle  towards  the  outside ;  losing  itself 
by  imperceptible  degrees,  especially  towards  the  sides  and  following 
parts,  into  a  darkish  space,  which,  fix>m  observations  tliat  will  be 
given  hereafter,  I  take  to  be  a  cometic  atmosphere. 

The  Colour  and  Eeeentricity  of  the  Light  of  the  Head. 
The  colour  of  the  bead  being  very  remarkable,  I  exanuned  it  with 
all  my  di&rent  telescopes ;  and  m  every  one  of  tliem,  its  light  ap- 
peared to  be  greenish,  or  bluish  green.    Its  appearance  was  cer» 
Uinly  very  peculiar* 


■WITH  HEMARKS  ON  ITS  CONSTRUCTIOH. 


Tlie  diipositioa  of  tbe  light  of  the  head  was  likeu  ae  Bccoin|)Biiied 
*itii  some  reaatbiible  circumatBDces  ;  fur  notnillistandiag  a  gtaeral 
»ccuin«lalioa  ibout  the  middle,  there  seemed  to  be  a  giealer  share 
of  il  towards  tbc  sun,  than  a  purliau  in  that  silualion  of  the  cif 
cumfercnce  was  cDlitled  to,  had  it  been  unifonul^  ananged ;  and 
il  we  look  MpoR  the  lieud  as  a  coma  to  the  planetur)  poiot,  (lie 
eccealriciry  of  iU  light  will  be  still  more  evident ;  fur  tiiis  poiut  was 
conitanll;  more  or  less  larlher  from  the  hud  ilmn  the  middle  ol  the 
erealesl  brigLtoess  of  the  light  surrounding  it.  Tlie  eccenlricily  of 
ilie  head  was  indeed  so  coiisiderabte,  that  considering  the  dilficully 
of  seeing  the  point,  it  might  easil>  uave  escaped  tlie  notice  nf  one 
wbotooked  for  it  in  the  centre  of  tlie  bead. 

The  apparent  and  real  Magnitndes  of  the  Head. 

Wiib  an  intention  lo  ascertain  tlie  diaieii»ious  of  the  various  parti 
«f  the  comrl,  I  viewed  the  head  in  the  7,  10,  and  20  feet  telescopes, 
ind  estiisated  its  size  by  the  pri^Mrtiou  it  bore  to  the  known  fields 
of  the  eyeglasses  that  were  use).  1  shall  only  mention  two  eslima- 
tiooi:  September  29,  the  10  leet  gave  its  apparent  diameter  3'  O". 
WilJi  tbt  20  feet,  Oct.  6.  it  was  3'  45". 

Fnm  »  calculation  of  the  20  feet  measure,  which  I  prefer,  it 
■ppcan  Ihtt  tbe  real  diameter  of  the  liead  at  Ibis  time  was  about 
)  V  thonsmd  loilea. 

A  Iran^rent  and  elastic  Jtmospbere  about  the  Head. 

Id  e*ery  inslrunient  through  which  I  have  exaiiiined  (he  comefor  J 
1  perceived  a  comparatively  very  faint  or  rather  darkish  interval  j 
tunoondiug  ihe  iiead,  wherein  the  gradually  diminishing  light  oS^ 
the  central  brightness  was  lost.  Tliis  can  only  be  accounted  for  bjTi  i 
admitliog  a  Inatparenl  elastic  atuiospbere  to  envelop  tlie  head  of'  I 
tiie  comet. 

Its  transparency  I  had  an  opportunity  of  ascertaining  (lie  ISlh 
of  September,  when  I  saw  iliiee  very  small  stars  of  difTerent  mag* 
Ditudes  within  the  compass  of  it ;  and  its  elaslicily  may  be  Inferred 
froin  (be  circular  form  under  which  it  was  always  seen.     For  being  ^ 
surrounded  by  a  certain  bright  eqiii-distant  envelop,  we  can  only^ 
icoouni  for  the  e<]ualiiy  of  the  distance  by  admitting  tlie  interval., 
baween  liie  envelope  and  the  bead  of  the  comet  to  be  filled  with  a^i 
eluiic  aimospberical  fluid. 
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The  Extent  of  the  cometic  Atmosphere^ 

When  I  examined  the  comet  m  the  SO  leet  telescope  the  6th  of 
October,  the  circular  darkiih  space^  which  surrouided  the  bright* 
Bess,  ju8t  filled  the  field  of  the  eye-glass ;  which  gives  (ts  apparent 
diameter  15  minutes*  This  atmosphere  was  therefore  more  than 
307  thousand  mile^in  diameter;  but  its  real  extent  of  which,  as 
will  he  seen,  we  can  hav«  no  observation,  most  far  exceed  the 
above  calculated 


The  bright  Envelope  of  the  cometic  Atmosphere. 

When  I  obser^-ed  the  comet  at  Alnwick  in  an  achromatic  refractor 
with  a  magnifying  power  of  ^5^  I  perceived  that  the  head  of  it 
was  partly  surrounded  by  a  train  of  light,  which  was  kept  at  some 
cousiderabfe  distance  by  an  mterval  of  comparative  darkness ;  and 
from  it^  concentric  figure  1  call  this  light  an  envelope. 

The  FignrCy  Colour,  and  Magnitude  of  the  Emdope. 

On  viewing  this  envelope  in  telescopes  that  magnify  no  more  tlian 
About  l6  times,  or  in  finders  and  night-glasses  with  still  lower 
powers,  I  found  that  its  shape,  as  far  as  it  extended,  was  apparently 
drcular ;  but  that  in  its  course  it  did  not  reach  quite  half  way  round 
the  head  of  the  comet.  A  little  before  it  came  so  fiir  it  divided 
itself  into  two  streams,  one  passing  by  each  side  of  the  head. 

Tlie  colour  of  the  envelop  in  my  7,  10,  and  20  feet  telescopes 
had  a  strong  yellowish  cast,  and  formed  a  striking  contrast  with  the 
greenish  tint  of  the  head. 

The  distance  of  the  outside  of  the  envelope  from  the  centre  of 
the  head,  in  the  direction  of  a  line  drawn  from  it  to  the  sun  was 
about  9'  SCT ;  and  supposing  it  to  have  extended  sideways,  without 
increase  of  distance  as  far  as  a  semi-circle,  this  would  give  its  dia« 
meter  about  19  minutes.  By  computation  therefore  its  real  diame* 
ter  must  have  exceeded  6*43  thousand  miles. 

The  Taii  of  (he  Comet. 

Tlie  most  brilliant  phenomenon  that  accompanies  a  comet  is  the 
stream  of  light  which  we  call  the  taiU  Its  length  b  well  known  to 
be  variable ;  but  the  measures  or  estimations  of  its  extent  cannot 
be  expected  to  be  ver}  consistent  from  several  causes  foreign  to  iU 

actual  change. 
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The  ^Igf  SqXetnber,  tbe  moon  being  up,  l)ic  coiuel  verj  low, 
and  the  sinnupkerc  liuiv,  1  could  perceive  no  tuil- 

Tbc  9th,  il  bad  a  mcij  couspicuoui  one,  about  g  or  lOdeguci  in 

On  tbe  IStb,  tbe  leiiglh  wo*  1 1  01  12  degrees. 
Tbt  6th  of  Octubiit  it  wai  23  degrees. 
Tbe  I3lii  I  cslinaled  ir  to  be  onlj'  I7  degrees  long. 
Tbe  ItUi  it  appeared  to  exteud  lu  17^  degrees. 
Ttie  IJib.  b)-  rery  carelul  atieuliou,   and  in  a  very  dear  atino* 
tpliere,  I  found  tbe  tail  to  cover  a  space  of  23^  degrees  iii  teuglb. 

The  greatest  real  Length  of  the  Toil. 

Of  Ihe  Iwo  obMrvntions  xhicb  were  made  of  Ibe  greatest  tcnglli 
of  tbc  Uil  of  Ibe  comet,  1  prefer  llmt  of  the  Ijib  of  October,  011 
accotttil  of  tbc  ckiiniess  of  Ibe  uigbt. 

Tbe  apparenl  length  being  S."^  deerees.  Us  real  exteul.  taking 
into  (be  cDkulation  the  obhipie  position  in  which  we  saw  it,  must 
bavc  bteo  upwards  of  100  niilltoii:i  of  miles. 

The  BreoMofthe  Tail. 

Tlw  variations  in  tlie  breadth  of  the  tail  will  hardly  admit  of  any 
(tescriptton ;  the  scattered  light  of  the  sides  being  generally  lost 
by  lU  bmlneM  in  such  a  uiaiiuer  as  to  u>nder  its  termination  very 
■loubtful. 

The  taih  of  October  its  brcedtb  in  the  broadest  part  was  G^  de- 
grres,  and  about  5  or  6  degrees  frotu  the  liead  it  began  to  bo  a  little 
raalracled. 

The  IClbi  it  was  nearly  of  tbe  same  breadth  ubout  the  middle  of 
ilsWagth. 

Bycakvkting  from  the  observation  of  tbe  I2il>.  we  find  that  the 
real  breadlli  of  Ibe  tail  on  that  day  wus  nearly  1 6  millioi.s  of  miles. 

The  Ciii-vulure  of  the  Tat/. 
Tbc  shape  of  ilie  tad  with  res]iect  to  its  curvature  is  generally 
tousidered  only  as  it  relates  to  the  direction  of  the  motion  of  the 
comet ;  k  b  ueveillieleu  subject  to  variatinQs  arising  from  causes 
llnl  will  be  noticed  in  llie  next  article,  but  which  are  not  taken  ioto 
tW  aocouDt  of  the  following  observalioiu. 
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The  gth  and  10th  of  September  the  canrature  of  the  tail  was  very 
considerable. 

The  18th»  I  remariiedy  that  towards  the  end  of  the  tail  its  conra* 
tore  had  the  appearance  as  if,  with  respect  to  the  motion  of  the 
comet,  that  part  of  the  tail  were  left  a  little  behuid  the  head. 

The  17th  of  October  the  tail  appeared  to  be  more  curved  than 
it  had  been  at  any  time  before. 

Dec*  3,  the  fleiore  of  the  curvatnre  of  the  tail,  contrary  to  its 
former  direction,  was  convex  on  the  following  side. 

The  general  Appearance  of  the  Tail. 

On  account  of  the  great  length  and  breadth  of  the  tail  of  the 
oomet,  a  night-glass  with  a  large  field  of  view  is  the  most  proper 
iDstrunent  for  examining  its  appearance.  Mine  takes  in  4*  41^ 

By  viewing  the  comet  with  thb  glass  I  found  the  tail  to  be  in* 
closed  at  the  sides  by  the  two  streams  which  I  have  desciibedas  the 
continuation  of  the  bright  arch,  or  envelope  surrounding  the  head. 

Sept  18,  I  observed  that  the  two  streams  or  branches  arising 
from  the  sides  of  the  head,  scattered  a  considerable  portion  of  their 
light  as  they  proceeded  towards  the  end  of  the  tail,  and  were  at  last 
so  much  diluted  that  the  whole  of  the  farthest  part  of  the  tail  oon* 
tained  only  a  scattered  light. 

Oct.  13.  I  remarked  that  the  two  streams  remained  suflbaently 
condensed  in  their  diverging  course  to  be  distinguished  for  a  length 
of  about  six  degrees,  after  which  theur  scattered  light  began  to  t^ 
pretty  equally  spread  over  the  tail. 

Oct.  15.  The  preceding  branch  of  the  tail  was  7^  1'  in  length. 
The  following  was  only  4®  4l';  which  caused  the  appearance  of  an 
irregular  curvature. 

Nov.  3.  The  two  branches  were  nearly  of  an  equal  length. 

Nov.  5.«Tlie  length  of  the  precedmg  stream  was  S""  \&;  that  of 
the  following  about  4**  41^ 

Nov.  9.  The  two  branches  might  still  be  seen  to  extend  full  4 
degrees,  but  their  light  was  much  scattered. 

Nov.  10.  The  preceding  branch  was  5**  16^  long;  the  followiog 
one  only  3"*  31';  the  preceding  one  was  also  fuller  and  broader. 

In  the  course  of  these  observatkNis  I  attended  also  to  the  appea^ 
anee  of  the  nebulosity  of  the  tail. 
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Sept  18.  The  appearance  of  Ihe  nebulosity,  examined  wilh 
Int  teflector,  perfectly  reitembled  tlie  milky  Jiebulo^ity  of  Ibe  ne- 
bulm  in  the  coDjicllatton  of  Orion,  in  |)lnces  where  Uie  briglitaew 
of  tlie  one  wu  equal  to  that  uf  Ilie  otber. 

Not.  9.  Tbe  tnil  of  the  cornel  being  very  near  the  milky'Way,  iba 
■ppeariiocc  of  the  one  compared  to  tlial  of  ibe  other,  ta  placet 
where  DO  Hnn  can  be  seen  in  the  milky.wav,  was  perfectly  alike. 

The  Return  of  the  Cornel  to  Ike  Nebulvus  Appearance. 
From  the  obscTvations  of  the  decreasing  length  of  the  tail,  ibe    | 
diminution  of  brightness  and  increased  scattering  of  Ibe  streami^ 
and  from  the  gradually  fiunlet  appearance  of  the  transparent  t 
riax)»lirrc,  brought  on  by  llic  conlraclion  and  more  scattered  cou>  1 
dilion  of  Ibe  envelope,  I  had  rea^un  to  suppose  that  all  the  still 
visible  cometic  phenomena  of  planetary  body,  head,  atmosphere 
euoclope,   and  uil,  would  soon  be  reduced  to  the  semblance  of  ■ 
(ommoft  globular  nebula;   not  from  Ibe  increase  of  the  distance  of 
■he  comet,  wiiich  could  only  occasion  an  alteration  in  the  apparent 
itiagnilade  of  llie  several  pails,  but  by  ihe  actual  physical  changes 
wliicb  I  obierved  in  llie  construction  of  the  coniel. 

The  gradual  vanishing  of  the  Plaiiela>-if  Botfy. 
Nov.  4.   lO-feet  reflector.     I  saw  the  planetary  disk  with  2^  ' 
It  wu  ivthcr  more  eccentric  than  usual. 

No*.  9-  I  saw  it  iiBpetfeclly  with  iSg.  It  was  more  visible  willi 
340;  but  the  nebulosity  of  the  envelope  overpowered  its  tight 
already  so  much  thai  no  good  observations  could  be  made  of  it. 

No*.  10.  Large  10-feet.  I  bad  a  glimpse  of  the  disk  and  ila 
ecccntiicity. 

Nov.  Vi,  1  iried  all  magnifiers,  but  conlil  no  longer  perceive  the 
ptonclary  body. 

The  Diiappearanee  of  the  TraiapareiU  Part  of  the  Jtmo^iere 

tatder  the  Cover  of  the  scattered  Light  of  the  contracted 

Envefope. 

Not.  4.  In  ibe  night-glass,  that  part  of  the  alraospbere  which 
used  to  separate  tbe  envelope  from  the  head,  could  no  longer  be 
dtslingubbed. 

Ja  Ibe  ten-feet  reflector,  with  a  large  double  eje-gli 


^ 


I 

oimd  ^ 
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the  eoYelop  drawn  nearer  to  the  head,  its  central  distance  at  the 
vertex  being  less  thanj^  lO'^;  and  the  atmosphere  was  ahnost  ia- 
▼olved  in  the  scattered  haziness  of  the  streams* 

Nov.  5.  The  envelope  was  still  disengaged  from  the  headj  but 
much  scattered  light  had  nearly  efiaced  the  cometic  atmospliere  on 
the  side  towards  the  sun. 

Nov.  9.  The  atmosphere  was  nearly  covered  by  the  apjMxtxima- 
tion»  or  scattering  light,  of  the  envelope*     Its  vertical  distance  was 

Nov.  10.  The  envelope  could  only  be  distinguished  ftom  the 
bead  by  a  small  remaining  darkish  space,  in  which  the  atmosphere 
tt%ht  still  be  seen.    The  vertical  distance  of  the  envelope  was 

Nov.  13.  The  atmosphere  was  ahnost  efiaced  by  scattered  light 
towards  the  sim»  but  on  the  opposite  fide  it  was  darker,  or  rather 
more  transparent. 

Nov.  14, 15,  and  16.  The  atmosphere  wu  gradually  more  cover- 
ad  in. 

Nov.  19.  I  found  in  the  10  feet  telescope,  the  envelope  so  broad 
and  scattered  as  to  leave  no  room  for  seeing  the  atmosphere ;  and 
the  comet  seemed  to  be  fast  returning  to  the  mere  appearance  of  a 
nebula. 

Nov.  24.  The  envelope  was  turned  into  haainess ;  and  on  the  side 
towards  the  sun,  the  comet  had  already  the  appearance  of  a  glo- 
bular nebula,  with  a  faint  liasy  border. 

Dec.  2.  The  haxiness  of  the  border  was  of  a  diffisreut  colour 
from  the  light  of  the  head,  which  preserved  its  former  greenish 
q>pearance* 

Dec.  9.  The  envelope,  which  had  been  turned  into  a  hasy  border 
of  light,  in  which  state  I  saw  it  again  the  5th,  was  very  unezpect* 
edly  renewed.  It  was  however  very  narrow  and  much  fainter  than 
it  used  to  be.  By  four  measures  I  found  its  distance  from  the 
centre  of  the  head  to  be  about  4|>  minutes. 

Dec.  M.  The  narrow  faiut  envelope  of  tlie  9th  existed  no  longer. 

If  the  scattered  light  near  the  head  should  not  be  raised  again, 
afl  observations  of  the  atmosphere  must  be  at  an  end ;  for  the  space 
beyond  this  light  being  equally  clear,  we  have  nothing  left  to  point 
out  any  extent  that  might  be  supposed  to  contain  a  transparent 
ciaslic  fluids  notwithstanding  it  should  remain  in  its  former  situation. 
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{.'acsanwi  Jffem^attt  is  the  Dinointion  of  the  Envelopa. 

Xo>.  !■  Iftfec  IW  e«vd(^  ««$  double  towardi  tli«  sun, 
dtridcd  ibdr  M  each  »Ae  iolo  lbre«  streams ;  the  outaidc  i 
beiag  (vfr  fatf.  lad  af  im>  gml  len»ih. 

?(or.5.  Ob  iIw  pnntling  tide  Hie  envelope  wns  ^-cry  fiiintty  j 
accMifMicd  by  n  miI«  one,  but  not  on  tlic  following  side. 

Not.  is.  Oa  Ae  loflowing  wie  (be  envelope  dJvei^d  into  IIitm  J 
ftmrn.  tkr  two  evtsde  ones  being  vei^i  (ami  nnd  narrow ;  but  atl  i 
tbe  pTCcsdiBg  sde  there  it»  but  one  additional  slreumlel,  whiAj 
■w  al  ttw  dotanee  of  the  outermost  one  of  the  opposite  side. 

Not.  14.  On  the  pi««ding  'ide  there  was  a  wrg  feinl  outward  1 
tfnaa.  and  on  the  follairin^  side  there  tvas  a  still  fainter  ailll^ 
kbofter  ATam,  also  oa  the  outside. 

Dee.  14.  Tbere  was  onlj  one  short  and  faint  outside  <tmtm  it  , 


I  Variations  in  ihe  Length  of  the  Stream 

ll  lia>  already  been  mentioned,  that  the   streams  or  branches 

iKia  Mtitect  to  a  considerable  difference  in  their  respective  lengltist 

ID  onl(T  if  pocsible  to  dbcover  the  cause  of  the  observed  chaugtl^-4 

1  coatiaued  my  observations  of  them. 

Oct.  15,  and   Nov.  5   und    10,  (be   preceding  brancb  was  t 

The  3d  and  9th  of  Nov.  the  branches  were  of  equal  length. 
Tbe  13th,  the  following  was  4°6'  long,  the  preceding  only  3°31j  J 
Tbe  I4lh.  They  were  both  of  the  equal  length  of  about  3°  31'. 
The  lOlh.  Tbe  preceding  branch  was  3°  13'  long,  the  ibUoviiofi 

Tbe  J6lb.  Tbe  preceding  was  3"  13'  long,  tbe  fulloning  3°  49'.   : 

Tbe  19th.  The  branches  were  equal,  and  about  4°  33'  long. 

Dec.  2.  Tlie  branches  were  nearly  eijim),  muJ  about  3°  13'  longfi  4 
they  joined  more  to  Ihe  sides  than  tbe  vertex,  and   had  lost  iheir   < 
former  vivid  appearance ;  their  colour  being  changed  into  that  «f 
tcalteied  light. 

Tbe  ijth  Hud  1 4tb.  The  branches  were  already  so  much  scattered 
that  observations  of  them  could  uo  longer  be  made  with  aay 
Bcouuy. 


1^  OfilSmtATtONS  OP  THK  COUBT  OF  1811, 

Wilh  regard  to  its  tnnsparent  cometic  atmosphere,  we  have  not 
onlv  the  constaot  observations  of  its  roundness^  during  the  above- 
ncntioned  long  period  of  the  comet's  motion,  to  prove  it  to  be 
aplierical ;  but  in  addition  to  this,  I  have  already  shown  that  it  b 
of  an  elastic  natore,  tor  which  reason  alone,  had  we  no  other,  its 
globular  figure  could  not  l>e  doubted. 

A  most  singular  circumstaiicej  which  however  must  certain! j  be 
admitted,  is,  that  the  constant  appearance  of  the  bright  envelop, 
with  its  two  opposite  diverging  branches,  can  arise  from  no  other 
figure  than  that  of  an  inverted  hollow  cone,  terminatiug  at  its  vertejc 
in  an  equally  hollow  cap,  of  nearly  a  hemispherical  construction ; 
nor  can  the  sides  or  caps  of  this  hollow  cone  be  of  any  considerable 
thickness. 

The  proof  of  this  assigned  construction  is,  that  the  bright  enve- 
lop has  constantly  been  seen  in  my  observation  as  being  every 
where  nearly  equidistant  from  the  transparent  atmosphere;  now  if 
that  part  of  it  which  in  a  semi-circular  form  surrounds  the  comet, 
on  the  side  exposed  to  the  sun,  were  not  hemispherical,  but  liad 
the  shape  of  a  certain  portion  of  a  ring,  like  that  which  we  see 
about  the  planet  Saturn,  it  must  have  l>een  gradually  transformed 
from  the  appearance  of  a  semi-circle  into  that  of  a  straight  Ibe, 
daring  the  time  that  we  Inive  seen  it  in  all  the  various  aspects  pre- 
sented to  us  by  a  geocentric  motion  of  the  comet,  amoooting  to  90 
degrees* 

That  this  hemispherical  cap  is  comparatively  thin,  is  proved  from 
tlie  darkness  and  transparency  of  that  part  of  the  atmosphere  wtricli 
it  covers ;  for  had  the  curtain  of  light,  which  was  drawn  over  h, 
been  of  any  great  thickness,  the  scattered  rays  of  its  lustre  would 
have  taken  away  the  appearance  of  tliid  darkness ;  nor  would  the 
atmospliere  have  reniainHcd  stifiiciently  transparent  for  us  to  see 
extremely  small  stars  through  it. 

It  remains  now  only  to  account  for  the  semi-circular  appearance 
of  the  bright  envelop;  but  thi<,  it  will  be  seen,  is  the  immediate 
consequence  of  the  great  depth  of  light  near  the  circumference, 
contrasted  with  its  comparative  thinness  toviards  the  centre.  The 
6th  of  October,  tor  instance,  the  radius  of  the  envelop  was  9^  $Cf 
00  the  outside,  and  T  Slf  on  tiie  inside ;  and  as  the  greatest  bright* 
Dess  was  ratlier  nearer  to  the  outside,  we  may  suppose  its  radius  to 
have  been  about  8}^    Then  if  we  compute  the  depth  of  the  lumi* 
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■MU  OMtter  at  tbb  <li«latKe  from  thr  ttnltt,  yn  ti»d  tbat  it  eanld 
B(>(  Ik  Im«  ituin  S48  ilicuMnd  niilus;  wfaenM  in  the  place  wliei4  ~ 
Ihe  atmmplNT*  WIS  ditrltMl,  iu  thickmis  would  l>e  otti*  uboni  50"^ 
lliDuwDd:  »o  that  a  sii|)eHor  iiilcnsily  or  liglil  iu  llic  ratio  ol'abnlit^ 
5  to  I,  could  not  fail  to  proilucc  the  retmirkablv  appearance  of  »  i 
bright  «eniitifcle,  envelopiug  tbc  bead  o(  ilic  comet  at  ibe  dislance^ 
at  wliidi  it  was  observed  *.  * 

I  have  entered  so  fully  iiilo  (he  formation  of  tlie  envelope,  as  tbtf^ 
Kgutaent,  by  which  its  conilruction  liat  been  unalyseil,  will  com* n 
|>l<lely  exiilain  llie  apjiearance  of  (he  streams  of  light  inclosme  Ihe'i 
tail  of  tbc  contct,  and  indeed  its  whole  cousiruction.  4 

The  Inmiooiu  tnatiet  as  it  arisies  fVam  the  Eilvetiipe,  bf  wbicli  it  J 
!l  a  continuation,  ii  thrown  a  little  g.Mlwards,  and  assumes  Ilie  ap-' 
pearaiMC  of  two  diverging  bright  streams  or  hraurhcs;  but  if  the   ' 
tfottm  Irom  wliUh  tli<^  t'lse  \te  ibe  circulut  riiu  6f  an  hailliipbetitU  "* 
hntluw  shell.  Ihc  luminous  nialtu  in  its  dtforginfi  pril|;r<wi  tipwltrtb 
can  only  forui  a  hollow  cone  ;  and  Itie  ujjpeHrauce  of  the  twn  bright 
»ltvuBi  iacloiiiig  lli«  tail,  after  what  has  been  said  of  tivt  envelop^ 
will  wntfQ  farther  explaimlion.  .  f 

Add  to  this  that,  having  actually  »■«>  tlteie  briUiaul  ttntiift 
M«aiDiltthe  borderi  of  tiie  tail,  in  the  sliitc  ilneigitt!;  attuatton 
^mg»  nolion  of  the  eomet  IbrOugli  more  than  130  de^reei,  the 
fcBlIow  oDMcal  fitrm  of  Ihe  cotnet's  tail  it  in  fact  ealiifa(i»bed  t^ 
ubMrmlinn.  '  i    >  > 

'llir  feebler  light  of  Ibe  tail  between  Its  branches  is  siifficieDlty 
■emualed  for  by  Ihe  Ihinneu  of  the  luinutDua<tn«lter>of  the  hollutf 
cMke  IbttM^  which  we  look  tabards  the  uiclHIc  of  the  tiijl.  aonil> 
fnml  wtUi  ila  f peat  depth  about  the  aides:  and  indeeil  tlifr  eon^ 
|Mmi««dackneuof  tht;  inside  of  the  cone  and  tramparency  of  the 
e  Mea  throngh  the  envelope,  bear  w  rtneis  to  tbeiv  bollaw 


w«  tUOn  oiilcf,  mt  liaic  Ihe  radiiH 
ft  Ued  ihr  ancle  iac,  of  wbich  a  c 
■  (,  ohlrh  11  ibe  ifplh,  will  I 


shote  diameter  ill F  flik  or,l>«lr>l>s- 
ij,  astiiLS.    Tlicn  1/(4  lie  9M«^ 

i  cmine  sri4'3T''i  and  the  •! 
Kdsiiitrcil,  wMcli  is  Ibe  Ihickoc 


U  fKsO",  tUe  ptattst  liil^liineu  uhlch  U  ■'  c 


I  eqwl  Id  8'  4»",T.     TMf  calcnl 
Inei  lowarilt  in.  ibe  aMIiionuf 
niiiiai  «f  tbe  deplli  and  Uiicllur 


t  apimaitt  tide  w(l 
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cooBtnictioo;  for,  were  thew  psrts  solid,  both  the  cooe  ind  the 
hcmitpbmcal  tenninatioo  of  it  most  have  been  much  brighter  in 
the  middle  thus  towards  the  circumference^  which  is  contnu^  to 
obscnration. 


CHAP.  XI. 

C.OKSTBtJCtlONOFTUECOMETOF  1811, A8  DETERMINED 

■  # 

BY    PROFESSOR    BURCKHARDT,  OF  GOTTIMOENj  MEM* 
BBR  OF  THE  NATIONAL  INSTITLTE. 


X  HB  following  obserrations  on  the  comet  were  made  atOottiogen, 
and  published  there  on  the  SOfh  of  September,  1811: 

**  The  comet  wh«ch  is  now  Tisihle  on  the  horizon  in  the  northefl 
|iart  <if  the  heavens,  is  one  of  the  most  remarkable  which  has  evet 
been  observed*  None  has  ever  been  so  long  visiblej  and,  conse^ 
qoentlj,  none  has  eter  aftrded  such  oertam  means  of  infoiwiation 
wfth  respect  to  its  orbit*  Accordinglyj  since  the  end  of  March  las^ 
when  it  was  first  perceived  by  M.  Flaoguergnes  in  the  south  of 
PhmcCf  its  course  has  been  regulariy  traced ;  nor  shall  we  lose  sight 
of  it  till  the  month  of  January  1812.  Its  train,  which  occupies  a 
space  of  12  degrees,  exhibits  several  curious  phsenomena.  It  bnot 
iounediately  counected  with  the  comet,  as  if  it  were  an  enuwatioa 
from  it,  but  forms,  at  a  distance  from  the  nucleus,  a  wide  belt,  tkt 
lower  part  of  which  girds  without  coming  in  contact  with  it,  much  ia 
the  same  manner  as  the  ring  of  Saturn ;  and  tbb  belt  extends  itidf 
in  two  long  luminous  iasces,  one  of  which  b  usually  rectilinear,  wiiile 
the  other,  at  about  the  third  of  its  length,  shoots  forth  its  rays  with 
a  slight  curve  like  tlie  branch  of  a  palm-tree ;  nevertheless  thb  con- 
figuration b  subject  to  change.  It  has  been  observed  that  the  space 
between  the  body  of  the  comet  and  its  train  b  occasionally  filled* 
and  of  the  two  fasces,  that  which  b  generally  rectilinear  sometimes 
arches  its  rays,  while  those  of  the  t>ther  assume  the  form  of  right 
Ines.  Fumlly,  rays,  or,  as  it  were,  plumes  of  ignited  matter^  have 
been  seen  to  issue  from  the  lower  extremitiet  of  the  fasces  or  flakes^ 
and  again  unite.  '' 
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"  imth  AuclUHliuns  and  accideals  in  ilial  sort  of  luminous  atmo- 
i|>liere  wtiidi  oust  occupy  in  the  ri'i;ioiii  ol'  space  ■  Kope  of  about 
eight  niillioat  of  Icagun,  are  imtneuM,  and  may  well  impreis  tbe 
iiiiagiiMlion  with  asioDUhiueot.  Tlie  calebraled  aslronomer  of  UH- 
enllial,  Mr.  De  Schraeller,  remarketl  larialipiis  of  Ihe  sanie  kind  in 
the  tail  of  ibe  last  couiel  of  iS07i  and  inserted,  in  the  work  lie  pub> 
Ijfbed  with  re*pecl  to  it,  plates  of  the  successive  conligu rations. 

"  I'rofcssor  ll.irdiiig  lius  also  obsen'ed  und  deliiieulcd  nilb  care 
ibe  |iieseut  cuiucl  under  its  various  aspects,  and  liis  design  will  up< 
pear  in  one  of  the  succeeding  numbers  uf  the  "  Geographical  aud 
AAroiiomical  Cotrespoudeiice,  edited  at  tbe  Obsetvalory  of.  Outh^ 
bv  Mr.  De  Liiiilenau. 

*■  TlKjr  wiH  sliow  that  when  the  comet  first  appeared,  asd  was 
ytt  al  I  distance  froui  the  snn,  U]«  two  Dakes  of  its  train  were  se. 
parated  to  as  to  forut  a  right  angle  ;  but  as  lliat  dtstunce  decreased, 
tb«j'  approached  each  other  till  ihev  became  parallel.  Ttiis  pbeuo* 
■wana,  however,  may  be  uolhiug  liiore  than  ao  optical  illusion. 

**  As  to  the  nuclcui,  or  the  comet  ilielf,  it  has  beeti  found  iiu- 
I,  as  >eli  even  whh  the  aid  of  tbe  best  tehMcojies,  to  make 
9  on  ittdnli,  aiOBlhatof  asolid  body  and  of  determined 
orcvMileraKre,  We  can  only  discern  u  la^ne  circular  mass,  more 
InninaiM  Kiuu  tlie  (rain,  particularly  tow aitls  the  centre:  but  Ibe 
itiige  of  which  is  doubtful,  furui«Liiig  lot  lie  eye  no  fixed  line  of  de> 
maintUHi. 

**  TUi)  mass  is  without  doubt  composed  of  a  very  sublile  sub- 
ataiic^aiis  probably  thut  of  all  comets,  'i'liis  hypuiliesii  receives 
Wttcfa  support  liom  the  fuct,  tliat  one  of  these  stars,  of  very  cotui- 
iltnttle  ma^niluile,  (the  lirst  comet  in  inc.)  passed  and  re-passed 
lliiotigb  tbe  very  middle  of  tbe  satelUles  of  Jupiter  wtthoul  occa> 
aiiMitug  amongst  tliem  ibe  slightest  disorder.  There  is  every  reason 
lo  believe,  that  tbe  nucleus  of  the  present  comet  is  nothing  more 
tban  a  conglumeratiou  of  vapours  of  very  litde  density,  go  Utile  per- 
kapt  as  lo  be  tran^pareiit.  Whether  this  be  tbe  case  or  not,  miglit 
be  eauly  asoertuined,  if  those  who  are  in  the  habit  of  olMeiving  it 
vould  watch  the  luomeat  of  its  transit  atliwart  tbe  disk  of  some  star, 
the  ny»  of  which  would  have  suDicient  power  to  perforate  it,  if 
Iranqwcnl.  Such  a  body  might  very  possibly  be  an  incipjeHt 
Mortd^  ju4t  past  its  gaseous  stale,  and  which  was  to  derive  ralidity 
fitooi  Ibc  precipitation  and  coudetuation  of  the  tualtcr  suiiouudiotf 
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it  Tht  fuooeiiifc  obeertatioii  of  tooM  oonett,  in  wbkh  it  may  be 
|KMiibli  to  diituigiiiih  the  difierent  atages  of  chaot  end  prog^tmnt 
fcmuitioii»  can  elooe  fannah  any  knowledge  with  reipcct  to.  thb 

[Heetlevr,  Oct.  4.    TiObciV  Pliil.  Mag.  ] 


CHAP.  XII. 
V)^s£rvation8  on   the     prbcbding    phenomenon 

I 

MADE  AT  THE  OBSEEVATORY  AT  GLASGOW, 


SIR, 
*Y  GSaigow  OtMerrefiNy,  Oct*  7. 

1  HOPB  the  foHowMg  fiieti  rdatife  to  the  comet  will  not  be  nn* 
•acceptable  to  your  itaden : 

.  Siuce  my  commaniortion  to  you  of  the  4th,  relative  to  the  comet 
lannowicing  the  determraatkm  of  the  eleaKOti  of  its  orbit  made  at 
ihia  I  establishment,  I  am  hqipy  to  perceive  in  the  London  papeie 
nMck  arrived  to-day,  the  result  of  Baickbardt*s  leoond  approuuN^ 
4ioiK  The  talents  of  this  gentleman  a»  a  compntor  are  weK  known, 
and  highly  appreciated  by  the  learned  world.  Between  his  time  cff 
«lhe  perihelion  pasiagie  and  ours  there  is  a  difierence  of  no  mote  than 
4hvee  >day8,  and  die  whole  period  of  the  oemet*s  revolatio%  I  am 
•ealkiied,  exceeds  considerably  100  years.  It  is  to  be  remasked  t06, 
ithat  Borckhardt  nefcr  ventured  to  give  to  the  public  his  §nt  f riab*: 
-and  Iherdbte^  whatever  diflfetences  exist  between  his  mimben  And 
HNiit  may  have  been  obtamed  at  his  second  calculation.  The  hMi6* 
mncy  of  the  first  he  expresdy  admitB  in  his  letter  to  the  editor  itf 
-Ih4  Jfoat/cnr,  which  begins  in  the  following  manner  ^—**  H«th% 
%een  requested  to  eorrectmy  first  determination,'^  &c«  I  wish  it  fn 
fee  nndorstood,  however,  that  the  appearance  of  his  statement  has 
•not  shaken,  in  the  leaat  degree,  the  confidence  I  hnmUy  conceive 
^dua  to  out  own  results; :  The  obaerwrtions  Krom  which  these  nre  do* 
rived  wem  performed  with  the  instrurnentiB  of  TVoiigliton ;  mstrd- 
snenis  unqncstiehaMy  superior  to  any  other  m  the  worid.  *  Bnt  ^n^ 
Imvo  stMl  mondliedft^ssmneeof  Ae  accuracy  of  our  observations^ 
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by  nmjnri^;  tbcB  «illi  the  natuben  whtdi  tare  bna  paUnfacd 
fiKMB  Ibe  higbot  KUlhonty  (tb>t  of  tbc  Aw— mbct  BmaO  •■  <^ 
PbiVoMfUal  M«gaiine.  Tbe  kw^hNia  of  tbe  cavaet,  detn- 
■flioed  ■!  On«a«tcb  tnd  GUtgoW  ObKmtanes,  ttmadc  to  tbe 
fttetioii  of  «  OMtule. 

The  linM  of  ibe  |ierihcl>nii  puage  11U15  be  «NKida«<l  u  pRCt; 
■rcuntely  fixed,  ntber  for  Sept.  IS  or  9,  or,  as  ■•  moTc  |]n>baUr,  cl 
MMW  iatemiediate  prriwl.  From  tbis  we  earn  ItilU  nplain  iubm  of 
la generally  rnmrfced.  Froaitbe9lb,Biitaled  iidw 
|irn  by  a  correspnmfent,  lite  conet  was  oboenwd  to  tin 
tmms  conudenblr  both  in  brilliancy  aod  lo  dM  ipfwiit  nagn^ 
lade  of  ttkc  coma,  but  panicuiarly  of  the  tail,  ia  tbe  coune  of  eigbl 
dayt.  Tbis  vcribrt  very  hnppily  ibe  obserralion  of  Sir  Inac  New 
t*^  tfaal  it  is  not  till  immeiliately  after  tbe  perihelion  pasn^  tluit 
cOBCto  acquire  ibeir  maximum  of  Imire  andof  size.  Tbe  eolarge- 
■nt  tberefore  unifaniily  lakeg  pluce  at  tbat  time,  whetber  tbe 
«MMl  li  coming  nearer  u«  or  movbg  in  tbe  opposite  direction.  Tbe 
qoMltf  of  ioctease  due  to  its  aptiroximation  alone,  in  sis  or  eigbt 
4^1,  am  be  calculated,  and  we  Luow  thnl  tbere  is  no  infirumenl  in 
d  capable  of  measuring  tbe  change  of  aiipareiit  niagoitod* 
by  tliis  cause.  Whether  the  excjui^te  inicTomeler  uf 
7>mi(>falon,  applied  to  our  great  licT»chetiau  telescope,  may  sbow 
«i7  difiermce.  I  shall  he  able  to  ascertain  in  a  fetw  days,  as  that  in- 
»tm»t.lH  ■  Ulely  dispatelied  from  London  for  us. 

I  mnat  acknowledge,  however,  that  I  entertain  very  slender  hopes 
of  taettm  ia  lbi»  kind  of  obwrvation  on  a  minnle  body  surrounded 
witb  totb  ft  nebulosity,  and  at  a  distance  from  ns  much  greutet  ihan 
tbat  ot  Uk  tun.  It  has  been  saki,  that  this  comet  was  ascertained 
tobetbetanienilh  tliat  of  166I.  Tbe  two  are  as  different  as  can 
be  iuHgbicd  b  every  re.'pect.  Hence  we  may  see  bow  much  safer 
in  the  eveot,  scientific  investigation  b  tlian  vague  conjectures,  t 
sobjoiu  Ibe  elements  of  the  comet  of  I661,  and  those  now  given  by 
Bwclibardl : 

COMKT  t66l.  BiritrKIIARDT. 

Loni;.  of  node  ....   83  deg,  SOiniu....  140 dcg.  13  min. 

Incbnation    32  deg.  35  min.,..    7?  deg.  42  roln. 

Plaoeof  perihelion,  115  deg.  58  min....    74  deg.  12  min. 

FeiiheliondisU...  43,600.000  miles 96,000,000  milet.    , 

I  am.  Sir,  your  obcdieol  tervani,  « 

s.  3  ANDBEW  UBE. 
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Glsigow  Obierratory,  Oct.  I(i« 

SiR-^Io  the  Ola^ow  Coorier  of  October  5«  I  had  tbc  honour  of 
wbmittiog  to  the  public  the  results  of  1  he  joint  labours  of  Mr. 
Cross  and  myself,  for  the  preceding  month>  on  the  comet,  at  the 
Glasgow  Observatory.  lu  The  Star  newspaper  of  October  ll»ap» 
peared  for  the  first  lime  the  elements  of  the  orbit,  as  determined  by 
the  celebrated  Burckhardt^  Member  of  the  National  Institute. 

It  is  a  duty  which  I  owe  to  the  skill  and  the  unwearied  exertions 
of  my  associate  Mr.  Cross,  to  this  patriotic  establishment,  and  also 
to  this  country,  hitherto  considered  by  the  French  mathematicians 
and  astronomers  unequal  to  the  primary  solution  of  this  difficult 
pobleni,  to  state  the  following  facts :— On  October  8,  at  eight 
hours  fifteen  minutes,  by  observations  made  here,  with  every  pre- 
caution to  insure  the  utmost  accuracy,  the  comet  had  deviated  42 
degrees  18  minutes  from  the  longitude  which  Bunkhardt's  elements 
assign  for  that  insfaut  On  October  14^  at  two  o'clock  in  the 
morning,  the  longitude,  as  deduced  firom  a  most  satisfactory  transit, 
WIS  ao6  degrees  42  minutes.  By  the  French  computation  it  ought 
to  have  been  248  degrees  1  minute,  differing  from  nature  by  41  de« 
grees  ]Q  minutes.  By  our  elements,  which  have  received  a  partial 
correction  from  my  observations  since  the  6th,  the  coincidence  on 
the  8ih,  at  the  same  time,  was  witliin  15  minutes,  and  on  the  14tb« 
within  13  minutes.  Our  computed  latitudes  on  the  13th  agree  to  a 
minute  with  observation,  while  those  of  Burckhardt  difier  by  3  de* 
grees  or  180  times  that  quantity. 

The  examination  of  both  has  been  made  by  the  excellent  tables  of 
the  parabolaj  constructed  by  Delambre,  imperial  observer  at  Paris. 
It  is  in  the  longitude  of  the  perihelion  that  the  chief  discordance 
exists  between  the  French  elements  and  ours,  and  this  amounts  to 
about  31  degrees ;  the  former  being,  in  our  judgment,  too  small  by 
tills  quantity. 

The  comet  has  been  continually  approaching  the  earth  for  many 
weeks.  From  September  ]5th  till  October  14tb,  its  decrease  ofdia* 
tance  amounted  to  25  millions  of  miles,  yet  its  brilliancy  and  the 
magnitude  of  its  tail  have  gone  on  diminishing,  as  Burckhardt  pro* 
perly  remarked.  Persons  ignorant  of  astronomy  would  naturally 
infer  from  this  diminution  the  recedure  of  the  comet  from  us,  as, 
from  its  increase  they  conjectured  its  approach.  Astronomers  laugh 
at  such  idle  dreams  when  applied  to  a  demonstrative  science,  io 
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wfaidi  coi^cctnre  lias  found  no  place  since  the  davs  of  Newton,  III 
Gnl  priuciplci  leach,  ihut  these  pha:uoniens  arise  from  the  comet'* 
nrjing  ditiancc  from  Ilie  sun.  At  the  period  of  the  perihelion 
puasge  these  bodies  arc  known  unifonnlj'  to  attain  their  uiaximum 
of  HMflod  brightness 

ANDREW  URE. 
[IVhck'i  Phil.  Mag.] 
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FB£NOMENA. 


^S  we  uc  now  in  a  great  measure  acquainted  willi  the  physicil 
fiQBrtntrtion  of  the  diffrrent  parts  of  the  present  comel,  and  have 
ttta  many  successive  alterations  llial  have  happened  iu  their  at* 
nngcnient,  it  may  possibly  be  within  our  reach  to  assign  the  pro* 
bable  maunrr  in  which  the  action  of  such  agents  a>  we  ate  acquainted 
with  baa  prudnced  llie  plisnomena  we  have  observed. 

In  its  s)^rostch  to  a  perihelion,  a  comet  becomess  exposed  to  the 
action  of  the  solar  rajs,  which,  we  huow  arc  capable  of  producmg 
light,  heat,  and  chemical  effects.  That  their  infiuence  on  the  pre- 
Mut  comet  hat  caused  an  expansion,  and  decomposition  of  the  co- 
nielic  nutter,  we  have  experienced  in  the  growing  condition  of  (he 
tail  sod  shining  quality  of  its  light,  which  seems  to  be  of  a  pboft- 
plioric  nature.  The  way  bj  which  tliese  effects  have  been  produced 
may  be  suppoW  to  be  as  follows. 

The  matter  contained  in  the  head  of  the  comel  would  be  dilated 
by  die  action  of  the  sun,  but  chiefly  in  that  hemisphere  of  it  which 
y  immediately  exposed  to  the  solar  influence ;  and  beiag  more  in- 
crtaaed  in  this  direction  than  on  the  0[^}nsite  side,  it  would  become 
ccGCBlnc,  when  referred  to  the  situation  of  the  body  of  the  comel  i 
bat  u  Uw  bead  is  what  dnv,i  our  greatest  attention,  on  account  o( 
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itilbngiihiffi^  the  little  i^kwetafy  body  would  appear  to  be  ia  tbe 
eteeotfic  titualiefi  io  vhicb  we  bate  seeo  it. 
I  Now»  M  fr^iQ  obtesvcd  pVaeaomeiia,  we  have  good  leason  to  be- 
Stve  the  cofiiet.  to  be  9i|rroMPded  hy  a  very  extensive,  traoiipareiK, 
elastic  atmosphere ;  the  nebulous  matter,  which  probablyi  wbeo  tbe 
cooAet  i>  al  ft  diitavpe  from  tbe  perihelion,  is~~gathered  about  the 
bead  in  a  s|)berical  form,  would  on-  its  approacb  to  the  sun  be 
greatly  rarefied,  and  rise  in  the  cometic  atmosphere  till  it  came  to 
a  certain  level,  where  it  could  remain  suspended,  for  some  time, 
exposed  to  the  continued  action  of  tbe  sun. 

In  this  situation  we  have  had  an  opportunity  of  seeing  the  trans- 
parent atmosphere,  which,;  but  for  the  suspension  of  the  nebulous 
matter,  we  might  never  have  discovered  ;and  indeed,  how  far  it 
may  extend  beyond  the  .region  which  contained  the  shining  sub- 
stance,  we  can  have  no  observation  to  asceriam,  on  account  of  its 
transparency.  In  consequence  of  the  darkish  interval,  occasioned 
by  the  atmospheric  space,  the  suspended  light  appeared  to  us  in  the 
shape  of  a  very  bright  envelope. 

*  The  briltianey  bJT  tbe  envelope,  and  Hn  yellowish  colour,  ao  (fif- 
fcrmt  from  that  of  the  bead,  4md  probably  acquired  by  its  nuatore 
Nf  hh  the  atraosphevic  fiuM,  are  proofs  of  the  continued  aetioi  of 
the!  son  upoii=  the  ImiiDous  matter,  already  in  so  high  a  ilatc  of 
tarefactionr  and  if  we>  suppose  the  attenuation  and  decoaipositioB 
of  this  matter  to  be  carried  on  till  its  particles  are  suflkieotly  minnte 
fo  receive  a  slow  HMtion  from  the  impulse  of  the  solar  beanM»  then 
Wif  they  gradnatty  recede  from  the  hemisphere  exposed  to  tbe  sun, 
and  ascend  in  »  very  moderately  diverging  direction  towarda  tbe  re* 
gMns  of  the^fiaed  itarsw 

That  some  socb  operation  must  have  been  carried  on,  ia  prettj 
eiMeut  from  our  having  seen  the  gradual  rise,  and  increased  exr 
^fision  of  the  tail  of  the  comet;  and  if  we  saw  the  shinuig  matter, 
while  suspended  in  the  cometic  atmosphere,  in  the  shape  of  an  eii- 
teiope,  it  follows  that,  in  its  rismg  condition,  it  would  assume  the  ap- 
pearance of  those  two  luminous  branobes  which  we  have  so  long  ob> 
•etved  to  inclose  the  tail  of  tbe  eemet» 

The  seemingly^  circular  f^rm,  and  tbe  stream*like  appeaitnoe  of 
the  lummous  matter,  having  been  already  expbiioed,  we,aay  now 
'Bee  tbe  reason  why  il  tan  rise  in  no  other  form  than  tbe  conical;  for 
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a  whole  kemiipticre  of  it.t>rt»g«)ins«d  to  tliu  actios  of  the  sua,  it 
niiiat  »t'  coune  asceiiil  eiiuullj  every  wlicre  nil  itiound  it> 

That  the  luniinous  mutler  ascending  in  tbe  hullow  cou«,  leceivetl 
no  additioii  to  ils  quantity  from  an)'  utiier  source  tlian  ihc  exposed 
btraispbcre,  «e  may  conclude  ftum  its  apiwaraace;  which  not wiilt- 
itaodlox  the  greal  citcuiii  fere  nee  of  liie  cone  it  filled,  al  the  altitude 
of  6  degrcei  from  Ike  licad,  was  never  seen  with  increaKtl  lustre: 
alUtougb  the  diameter  of  an  annular  serlion  of  it,  in  that  place,  must 
bave  been  neatl}  IS  millions  of  inil«s,  Mud  waa  but  little  more  thau 
hair  a  inillioH  at  Us  rising  from  ibe  envelope. 

This  comideratioD  (lointR  out  llje  extreme  degree  of  larefaclion  of 
tbe  luminoui  matter  about  the  end  of  the  tail;  for  its  expansion 
while  sliU  much  confined  in  the  stream!,  at  ihe  altitude  wliich  Iih6 
been  nientJoDed,niust  have  exceeded  the  density  it  had  at  rising  about 
534  tiiM*;  but  when  alteiwardtf  il  extended  itself  ao  as  to  [iroduce 
Dcariy  SB  evenly  scattered  light  over  the  whole  compass  of  the  end 
of  %he  tail,  wc  may  easily  conceive  to  what  an  extreme  degree  of 
rareiKis  its  expansion  must  have  been  carried. 

Tlie  vacancy  occasioneil  by  tlte  escape  of  the  nebulous  inBlltr, 
whidi  tfier  ntrefactiou  jiasscd  t'ruin  Ihe  hemisphere  exposed  to  the 
«un  bto  the  regioos  of  the  tail,  was  probubly  filled  up,  either  by  a 
Hittcsaion  of  il  from  the  opposite  hemisphere,  or  by  a  rotation  of 
tjw  cornet  about  an  axisj  and  the  gradual  decotn}iosilion  of  this 
nailer  would  therefore  be  carried  on  as  long  as  any  remained  to 
tepUcc  tiie  deficiency. 

That  SQch  a  khid  of  process  look  place,  seems  to  be  supported  by 
tbe  olMervalions  which  were  made  during  the  r>;gres)>ion  of  Ihe  co- 
metfrom  tis  perihelion.  For  ihe  space  between  the  branches  of  llie 
lai),  very  near  Ihe  head  of  Ihe  comet,  l>ecame  gradually  of  a  darker 
appeanncc  than  before ;  ivhich  indicated  Ilie  absence  of  the  oebu- 
lou>  ma  Iter  thai  had  formerly  beeu  lodged  there. 

A  niCalory  motion  of  the  comet,  which  haa  been  suggested,  vrould 
abo  exf^in  tbe  frequent  variations  m  the  length  of  the  opposite 
Uancbei  Hbicb  inclosed  tlie  tail ;  for  if  any  portion  of  tlia  coinetary 
nialtrr  should  be  more  susceptible  of  being  thrown  into  a  luminous 
dceoapoMtiou  than  »oiue  others,  a  rotatory  motion  would  bring 
Mcb  More  susceptible  mailer  into  dill'erent  situations,  and  cause  a 
■ton  or  less  copious  emission  of  tl  m  diflcicilt  places. 
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The  additional  short  and  fiiint  doable  ttreanis  of  nebaloot  light 
which  issued  from  the  vertex  or  side  of  the  eofeeblcd  envelope,  in 
the  gradual  regress  of  the  comet,  tend  likev^ise  to  add  probability  to 
the  conception  of  a  rotatory  motion ;  for  the  changeable  appearance 
of  the  situatioD  of  these  streamlets  might  arise  from  a  periodical 
eapositioo  of  some  remaining  small  portions  of  less  rarefied  matter, 
when  nearly  the  whole  of  it  had  been  exhausted. 

[Herschel,  Phil.  Traus.  1812.] 


CHAP.  XIV. 


ON  THE  RESULT  OF  A  C01IET*S  FEBIHELION*  PASSAGE, 


XIlFTBB  having  given  a  detail  of  phaenomena,  and  entered  into  a 
research  of  the  most  likely  manner  in  which  they  were  produced,  I 
shall  only  mention  what  appears  to  me  to  be  the  most  probable  coo- 
sequence  of  the  perihelion  passage  of  a  comet. 

The  quality  of  giving  out  light,  altliough  it  may  always  reside  in 
a  comet,  as  it  does  in  the  immensity  of  the  nebulous  matter,  which 
I  have  shown  to  exist  in  the  heavens,  is  exceedingly  increased  by  its 
approach  to  the  sun.  Of  this  we  should  not  be  sensible,  if  it  were 
not  accompanied  with  an  almost  inconceivable  expansion  and  rare« 
faction  of  the  luminous  substance  of  the  comet  about  the  time  of  its 
perihelion  passage. 

It  b  admitted,  on  all  hands,  that  the  act  of  shining  denotes  a  de« 
composition  in  which  at  least  light  is  given  out;  but  that  many  other 
elastic  volatile  substances  may  escape  at  the  same  time,  especially  in 
80  high  a  degree  of  rarefaction,  is  far  from  improbable. 

Tlien,  since  light  certainly,  and  very  likely  other  subtile  fluids, 

*  The  panage  in  which  it  approaches  neareit  to  the  ino :  in  which  fente  the 
term  stands  opposed  to  apheUom^  coiutltatiDg  the  comet's  highest  or  most  d^» 
tant  point  from  the  lOO.— «£ditor. 
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ibn  rwtaipt  b  j^at  abiiiidance  dums  ^  considerable  li*me  before 
and  after  a  caRtel's  nenn-sl  eppruuch  to  ilie  «un,  t  look  upon  a  peri* 
bclinn  pBSMfe  iii  Minie  drgree  as  an  ucl  of  consolidation. 

If  this  iifn  sitoulil  be  sdmilted,  vre  niny  draw  Mine  inlereslinj 
cnnclinioiw  from  it.  Let  lis,  for  example,  compare  llie  phgenomeM 
tlial  iceompaiiierl  the  comet  nf  IKO?  with  those  of  itn-  present  one, 
llie  ftrsl  of  these  in  ilsnpproNch  to  the  sun  came  within  61  millions 
of  miles  of  it ;  and  it)  t»il,  w  hen  longest,  covered  an  esteut  of  9 
nnlUons.  Tbe  present  fine  in  lis  perihelion  did  not  come  90  near 
llie  Kun  by  nearly  36  millions  nf  miles  and  nevertheless  acquired  • 
tail  91  millions  longer  ihnn  that  of  the  former.  The  difference  in 
tlieir  ilisti>nc<-s  frum  Ilie  eailh  when  Ihcw  measures  were  taken  wai 
but  about  a  mtllion^. 

Tlica  may  hs  not  conclude,  ihal  the  consolidation  of  the  comet 
•f  I607(  when  it  came  to  the  perihelion,  had  nlready  been  carrini 
lo  a  mueli  higher  degree  ihan  Iliat  of  the  present  one,  by  some 
bran  approach  to  our  sun,  or  to  other  similarly  constructed  ce- 
lestial bodies,  »uch  as  we  have  reason  to  bclievu  the  lued  slan  lo 
b<l 

And  tbat  comets  may  pass  round  other  suns  than  ours,  is  rendered 
pvteUefrom  our  knowing  as  yet,  wi[h  certainty,  the  return  of  only 
one  coBWt  amang  the  great  number  that  have  ht^en  observed. 

StDC*  ihm,  from  what  has  been  said,  it  is  proved  that  the  inSu- 
«1K«  of  tlM  Mill  upim  our  present  comet  has  been  beyond  all  com- 
nfratcr  than  it  was  upon  that  of  1607;  xnd  since  we  cannot 
n  lo  have  altered  so  nmch  in  ils  radiance  as  to  be  the 
caoM  of  the  difference )  have  we  not  reason  to  suppose  that  the 
TDaUcT  of  the  present  cuinet  has  either  very  seldom,  or  never  before 
ixiucd  thtougb  some  perihelion  by  which  it  could  have  been  so 
niucli  condensed  us  the  preceding  comet  ?  Hence  ntay  we  not  sur- 
mise lhal  Ibe  cornet  of  150;  was  more  adianced  in  maturity  ihun 
the  present  one  ;  that  is  to  say,  that  it  was  comparatively  a  much 
older  comet. 

Shoatd  ihe  idea  of  age  be  rejected,  we  may  indeed  have  recourse 
lo  aoolber  supposition,  namely,  that  Ihe  present  comet,  since  the 
time  of  some  former  jieriheiion  passage,  may  have  acquired  an  addi- 
tional (|uanlity  (if  I  may  so  call  it)  of  unperihtlionat  matter,  by 
moviog  in  a  parabolical  direction  through  Ihe  immensity  of  space. 


J 


140|  OFTHS  BE^ULTi  &C* 

wd  paniDg  throngh  extensive  strata  of  aebiilosity ;  and  that  a  small 
cpmet,  having  already  some  solidity  in  its  nucleus,  should  carry  off 
a  portion  ot  such  matter,  cannot  be  improbable.  Nay,  from  the. 
complete  resemblance  of  many  comets  to  a  nnmber  of  nebulae  I 
l|ave  seen,  1  think  it  not  unlikely  that  the  matter  they  contain  is  on* 
(Daily  nebulous*  It  may  therefore  possibly  happen  that  sonse  of 
the  oebttliB^  in  which  this  matter  is  already  in  a  high  state  of  con« 
deosatioob  n»y  be  drawn  towards  the  nearest  celestial  body  of  the 
natuie  of  our  sun;  and  after  their  first  perihelion  pasmge  round  it 
proceed,  in  a  parabolic  direction,  towards  some  other  similar  body ; 
and  passing  successively  from  one  to  another,  may  come  into  tim 
mgioasof  our  sun,  where  at  last  we  perceive  them  transformed  iato 
comets. 

•  The  brilliant  appearance  of  our  small  comet  may  therefare  be 
siKribed  either  to  its  having  but  lately  ea^rged  from  a  oebohmimi* 
ditioH,  or  to  having  carried  off  some  of  the  nebulous  matter,  sitnaiid 
in  the  iar  extended  branch  of  its  parabolic  motion.  The  first  of 
these  cases  wfll  lead  us  to  conceive  how  planetary  bodies  asay  begm 
to  have  an  existence ;  and  the  second,  how  they  may  increase,  aid^ 
III  it  arer^  grow  up  to  maturity.  For  if  the  accession  of  fresh  aebo- 
lous  matter  can  be  admitted  to  happen  once,  what  hinders  us  finam 
believing  a  repetitioii  of  i^  probable  1  apd  in  the  case  of  parabolia 
motions,  the  passage  of  a  comet  through  immense  regions  of  saich 
matter  b  unavoidable. 

[Hersckeh  Phil.  Trans.  ISlXl 
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'Chap.  XV. 


1 


OS  THE  PRECEDING  CH  APT  tKS  RELATlvi 
TO  COUETS. 


IT  h  m»tafeH  /rora  Chapler  X,  timt  Dr.  Hfrscbcl  Hippoars  tfaf. 
tMBAttf  ISlI  I o  lute  been  protluccil  from  Bcbuloui  liglit,  con- 
(tentl;  Willi  Ui  llieory  QOliced  in  chaplen  VII  and  Vlli ;  lUt 
ticli  UgtU  becMut  t>TOg'*s^tvel.v  coDSoliduicd,  and  that  a  pari  of  it| 
iaaiaoM  mUlcr  bud  been  esliuled  in  lis  apprnwli  to  Mine  other 
«n  btfoR  tU  periheLioii  p«rh  in  wif  own  sydem.  Vet  (Vom  llie 
tiaglh  nf  iu  tail,  intt  Ibe  Iudiidous  enTi:lo)>e  tlmt  surrounded  iu 
mdtttnt,  compared  with  tiiose  ol'  llie  couiet  of  1S07>  he  tbiukt 

e  been  of  much  laler  (hiie, 

let  of  1807.  i»  its  approach  to  the  «iin  adaaaced  wtlfaiu 
a  of  mJks  of  it,  aod  its  tail,  wIkd  louittt,  covered 
ion;  of  miles.  The  Jate  cookI,  in  its  pcr^ 
MiiBdid  BOt  piw  M>  near  the  sun  b»  about  thirty-si>  raillioni  ot 
■4m,  hiJBg  ilinni  two  tbird*  only  of  the  closest  approximation  at 
the  preceding,  and  nevtrlbeless  acquired  s  tail  of  upwards  of  a 
faomlnd  Bulliatuof  tniles.  May  we  not  ilieu  conclude,  us  be  luggcsl*. 
that  ihe  CMMohdatioD  of  liie  comet  of  1807,  wiicu  il  reached  ita 
^rilwlion,  bad  alreadir  been  cairied  to  a  much  greater  degree  of 
dtuitj  tkMt  that  of  tbe  Last  comet,  by  s»me  fonaer  appioacb  to 
Mir  aoM,  «r  to  some  simiiarty  constructed  teleslial  bodtct,  auch  ai 
%re  Itave  rauon  to  believe  the  Axed  slats  to  Ut  1  And  that  comeLi 
nay  paaa  roimd  other  suns  ibaa  ours,  is  rendered  probable  froip 
mu  not  hiMwis^,  with  certainly  »»  yet,  the  return  of  laore  thap 
ooa  codmI  amoog  the  great  number  that  liave  be<:a  ohseivcd  ! 

He  ckkolalts  tlie  brigbt  point,  or  what  we  may  admit  to  be  the 
•olid  or  planctaiy  body  of  (he  comet,  at  about  i2i  miles  m  dia- 
metcrt  mnd  Ihat  its  distance  from  the  eaitli,  al  iJie  lime  of  toaluiig 
hii  obacmtions.  was  1 14  millions  of  miles.  It  existed  in  a  slellf- 
flMM  BUCteuiwhidi  he  calls  Ibe  heed  of  the  cornel,  Ibe  diametM  of 
wUrirto  nlcvktes  at  1S7  thousand  aiiks.    il  was  sutrouuded  hy 
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m  drcuhr  dailish  space  which  he  supposes  to  be  an  atmosphere, 
sud  computes  at  d07  thousand  miles  in  diameter.  The  tail  varied 
in  length  and  breadth  from  September  9,  when  he  could- perceive 
none,  to  September  9,  when  it  extended  9  or  10  degrees;  Septem- 
ber 18,  when  it  reached  11  or  12  degrees;  October  6,  at  which  it 
possessed  25  degrees^  which  was  its  greatest  length.  On  October 
12,  it  was  17  degrees,  and  on  October  15,  23|  degrees,  or  some- 
what more  than  a  hundred  miUioB  of  miles.  The  breadth  of  the 
tail  varied  as  well  as  its  length ;  on  October  12,  it  was  6^  degre^ 
Wits  brdMlest  part,  or  nearly  15  ■lillioiis  of  miles. 

The  general  shape  of  the  comet  he  calculates  must  have  bees 
that  of  an  inverted  hollow  cone,  terminating  its  vertex  in  an  equally 
lioHow  cap  of  ncaiiy  an  hemispherical  construction;  the  cap  snd 
Met  of  this  Hollow  cone  being  of  faiconsidenible  thickaesa*  The 
laR  shurteaed  rapidly  in  November.  On  the  5th  it  was  12|  de- 
l^ftces;  on  the  10rb  Tit  December  lOth  5  degrees^  mnd  of  ftnUt 
f  igh^ ;  on  the  Hih  nearly  the  same,  bat  the  light  veiy  eoosidenbly 
feebler. 

*'  tV>  these  nsmarks  we  may  fiirther  add,  that  the  lait  of  the  coftaet 
"of  1<S80^  was  iiearly- equal  to  that  of  1811,  having  been  enleulaied 
Ht  a  linndred  millions  of  miles.  .  '  Hi . 

*  '■  Deguignes  enumerates  two  or  three  hundred  oomela 
l^y  Chinese  writers.    Doubts,  however,  have  siiici- 
tbe  authorities  referred  to.  '     , 

•'  Extensive  as  are  orbits  of  comets,  from  ibeir  ecoentddty.  Ih^ 
have  sometimes  approached  much  nearer  to  'the  son-  tliau  nny  of 
the  planets;  for  the  comet  of  1660,  when  at  its  pefihelion,  wna  al 
the  distance  of  only  one-sixth  of  the  sun's  diameter  from  its  mtbidb^ 
Yet  from  tlie  very  incoosidenible  density  of  their  enompaa  taikb 
and  even  of  the  greater  part  of  the  nucleus  itself  shoutd:  iOnr 
-happen  to  a  planet,  of  which  there  is  but  very.littlJB  probability^' lo 
■fhll  eKflctly  in  the  way  of  a  comet,  it  b  supposed  that  the  ittoon^ 
nience  suffered  by  the  inhabitants  of  the  planet  might  be .  flMialy 
^temporary  and  local:  the  chances  are,  however^  much. gntater^' that 
a  comet  might  interfere  in  such  a  manner  with  a  planet,  as  16  d^ 
fleet  it  a  little  from  its  course,  and  retire  again  without  coming 
aetnaHy  into  contact  with  it.  .  .  i 

'  Neariy  500  comets  are  recorded  to  Imva  been  seen  at.-tiifiaintfit 
tiroes,  mid  tbe  orbits  of  about  a  hundred  have  been  cofpedlif  as* 
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eertaiiKd :  but  we  faave  no  opportunitv  of  observing  a  sufiicieut 
purtion  of  ibc  orbit  of  any  cornel,  to  delcruiiite  wilti  accuracy  the 
wbole  of  ill  form  ai  an  ellipiis,  since  tlie  part  wliicfa  U  williin  the 
limit)  of  our  vbsetvalion  doe«  not  sensiblv  ilifier  from  tlie  pmbola, 
which  iroiitd  be  the  reinlt  of  an  etlipsii  pculonecJ  wiihnul  md. 

Two  cometi  at  lea^t,  or  peih^p*  tlireo,  have  bctii  recognized  in 
Ibeir  return.  A  cornel  Bp|>eared  in  1770,  which  Prosperiii  siiipected 
to  mow  in  tut  orbil  materially  different  from  a  parabola :  Mr.  Lexell 
detrntiined  its  period  to  he  5  years  and  7  ntontli^  and  its  e:(treme 
<li>tBm»'S  to  be  between  ihe  orbits  of  Jupiler  and  of  Me^fllr^  :  but 
h  does  not  appear  tlial  any  subsequent  observations  have  confirmed 
'  hi*  theory.  Il  has,  however,  been  calculated,  ihal  supposin::  the 
tiwory  correct,  it  must  afterwards  have  approached  so  near  to 
JufHIrr  as  lo  have  the  form  of  its  orbit  entirely  changed. 

Dr.  Ilalley  foretold  the  return  of  a  comet  about  17^8,  which  had 
appeared  in  1331.  in  I6u7,  and  in  16S2,  al  iDlervalt  of  about  75 
jtmn;  tud  with  Clairaui's  further  correction  for  the  perturbation  a 
of  Jupiter  and  ^lurn,  the  lime  agreed  uilhiu  about  a  month.  The 
mean  distance  of  this  cornel  from  the  sun  must  he  less  llian  ihni  of 
(he  Georgian  [danet ;  so  that  by  improving  our  telescopes  slill  more 
highly,  we  may,  perhaps,  hereafter  be  able  to  convert  some  of  Ihe 
cooNts  into  planets,  so  lar  as  their  remaining  always  visible  woiihl 
cfltiUtt  tbem  to  the  ap)>ellation.  Dr.  Halley  also  supposed  the  comet 
of  168O  to  have  been  seen  In  I106,  in  331,  and  in  ihe  year  44  be- 
fote  Christ,  having  a  period  of  573  years  1  and  il  has  been  suspected 
■hat  itie  comets  of  i5S6  and  1264  were  ihe  same,  Ihe  interval 
bciiig  393  years ;  a  conjecture  which  will  either  be  confirmed  or 
oiafulcd  ia  the  year  1848.  Some  persons  have  even  do.ibletl  of 
tbc  pcrirct  coincidence  of  tlieorbils  of  any  comets,  seen  at  different 
timeSf  with  each  other,  and  have  been  disposed  to  cuuNder  them  as 
nxauogcn  forming  a  communicalion  belweeu  the  neiEhhouring 
aplfSn  of  the  sidereal  world,  and  visitinj;  a  variety  of  st-^iis  in  suc- 
uMijH,  lo  Ha  to  have  iheir  courses  altered  continually,  by  ihe 
allrsclton  towards  many  different  centres;  but  consttlering  diecoiii- 
ctdEnce  of  tlie  calculation  of  Halley  and  Clairuut  with  the  subse- 
>(Oent  appearance  of  the  comet  of  1739,  this  opinion  can  scatrely 
be  admitted  lo  be  in  any  degree  probable  with  respect  lo  the  eomelf 
ia  general,  however  possible  thv  snpposilioo  may  be  iu  some  parti- 
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Tlie  leader  may  apoo  this  sab|cct  cemolt  alM  B^rkk&linut  De  Co^* 
metist  4to*Cop«ihaieeD»  166*5 ;  Hooi^/f  Lectures  and  ColkctioDSy  Mo. 
107S;  CAmeta^-^Figufes,  p.  2, 3 ;  HHiuws,  Ueber  denCometen,  4to. 
feienh.  1743 ;  Diom$  du  S^fwr,  Bsmh  sbr  les  Gomefes,  Paris,  1 775s 
D^guign€s,S.E,X.l7B5.  App.39;  ybwi^'iNat.Iliil.Vol.Lp.  51 3^ 


CHAP.  XVI. 


BTlfOPSTS  OF  THE  PRINCIPAL  BLEMRNTS  OF  ASTRONOMT, 
DEpyCCD  FROM  M.  LA  PLACETS  EXPOSITION  DU  SYSTEMA 
DU  MONDE. 


1  HE  foUowitig  article  b  draim  from  the  thiid  edition  of  H.Li 
Place's  Tery  excellent  ETpoAium  (1808)  in  which  the  author  hae 
given  the  eleasents  of  the  planets  m  a  more  correct  manner  than  in 
cither  of  the  preceding  editions;  and  wherciii  he  has  revised  and 
nmeoded  all  his  former  calcakitions  by  more  recent  akd  exact  ob^* 
servations. 

The  arrangeasent  of  tlie  present  memoir  is  somewhat  new ;  bnt 
many  persons  have  frequently  fouad  the  want  of  a  manual  of  this 
kind»  where  all  the  dificreat  facts,  relatifc  to  astronomy,  might  be 
brought  under  their  respective  heads,  without  the  necessity  of  turn^ 
ing  to  a  variety  of  worhs  for  information.  Mnch  time  is  ofm  loA 
in  a  research  of  that  kind,  which  it  is  the  object  of  the  preseot 
abstract  to  pref ent. 

In  ihe  original  work»  the  author  has  universally  adopted  llie  de- 
cimal division  of  the  day,  and  of  the  quadrant.  This .  metlMd  is 
here  preserved  in  the  Tables  of  the  Elements  cif  the  Planets;  bnt,  in 
subsequent  parts,  the  common  sexagesiasal  notatioa  is  adopted,  as 
bemg  more  easily  understood  in  this  oonotry. 

8ome  other  focts^  not  mentioned  by  M.  La  Plac^,  are  inserted  ih 
this  tract,  in  otder  to  enlarge  the  view  of  the  subject :  but  thcaepae* 
sages  are  always  kept  separate,  by  being  inclosed  within  .brackelSr  ■ 


TS  OF  ASTRONOMY. 


Tht  Sun. 
Th«  Sun,  which  is  the  source  of  light  and  heat  tn  nur  system,  is 
the  most  coniidenible  of  all  the  heaveuly  bodies,  iinil  governs  all  the 
|>lanet3rr  iDutious. 

Its  diameter  is  1 1 1  -454  limes  tlie  mean  diameter  of  tlie  eailb  l  ^ 
whenn  ill  Ti)liiii)e  is  1384473  limesgreater  Ihuii  tliat  of  the  earths 
but  ilj  man  is  only  33/086  limes  grenter.     Wlieiice  we  coucliid«  j 
Ihal  it*  density  is  i.^fj-;,  or  about  j  that  of  our  globe. 

I(  i>  lurrounded  by  an  attnospbcTc  ;  and  JI  is  oftentimes  covered] 
«ilh  spots.     Some  of  these  spots  have  been  observed  so  large  as  b 
eiceed  the  earth  four  or  five  times  in  magnitude. 

The  observation  of  these  spots  shows  that  the  Sun  moves 
axis,  wbich  is  Dearly  perpendicular  to  the  ecliptic ;  and  the  duratiok^ 
of  an  entire  sidereal  rutationof  the  sun  is  about  25^  days. 

MDience  we  cooclude  that  the  sun  is  flalleticd  at  the  poles, 

llic  solar  equator  is  inclined  7°  30'  to  the  plane  of  the  ecliptic^ 

A  body,  which  weighs  one  pound  at  ttie  surface  of  the  earlbi^ 
vmi^il,  if  removed  to  the  surface  of  the  sun,  weigh  S7*933  pound 
And  bodies  would  fall  there  with  a  velocity  of  J34i35  feet  in  tb**] 
first  second  of  time. 

Tbe  sun,  together  with  the  planets,  moves  round  tiiecommoa-^ 
enitrc  of  gravity  of  the  lysteiii ;  whidi  centre  is  nearly  in  the  centre  i 
of  the  sun. 

Ttin  inotioa  changes  into  epicycloids  the  ellipses  of  the  planet! 
and  comets,  which  revolve  round  the  sun. 

Tbe  sun  appears  to  have  a  particular  motion,  which  carries  our  j 
system  towards  the  constellation  of  Hercules. 

The  apparent  diameter  of  the  suu,  as  seen  from  the  earth,  under.  I 
goes  I   periodical  variation.     It  is  greatest  when  the  earth  is  In  4 
its  peribrlioo ;  at  which  time  it  is  il2    33  ".6:  and  it  is  least  wbrn 
the  earth  is  in  its  aphelion ;  at  which  time  it  is  SI'  3l",0.  It*  meu 
apparent  diameter  is  therefore  S3'  3"i3- 

His  horiionlal  parallax  is  6$ ". 

The  greatest  equation  of  bis  centre  is  1°  55'  tj','  ;  which  din 
Dishes  at  lh«  rale  of  l6",d  in  a  century. 

The  diiuiMl  motion  of  the  sun  from  east  to  west,  and  hii  aunud   I 
■stiM  in  Ibe  ecliptic,  are  optical  deceptions ;  arising  from  the  real 
auliaa  of  ibc  earth  on  its  axu,  and  in  its  orbit. 

you.  I.  L 
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The  Planets, 

# 

The  number  of  planets  belonging  to  our  system  is  eleven.  Six 
of  these  have  been  known  and  recognised  frdm  time  imliietnorial : 
mniely.  Mercury,  Veniis»  the  Eartb.'Mars,  Jupiter  and  Saturn.  Biit 
the  remaining  five,  which  are  not  visible  to  the  naked  eye,  baVe 
lately  been  discovered  by  the  help  of  the  tele^ope ;  and  are  there- 
fore called  telescopic  planets  :  namely, 

Uranus,  discovered  by  Dr.  Henchel,  March  13,  1781, 

Ceres, M.Piazzi,  ••  January!,  1801. 

Pallas, M.  Olbers, .  •  March  28, 1803. 

Juno, • •  M.  Harding,. .  Septem;  1;  1803. 

.     Vesta,  . ., M.  Olbers, . •  Marches,  1807. 

All  these  phnets  revolve  round  the  sun,'  as  the  centre  of  mdtion  ; 
and  ill  performing  their  revolutions  they  follow  the  fiMdamental 
laws  of  the  planetary  motion  so  happily  discovered  by  Kepler;  and 
which  have  been  fully  confirmed  by  subsequent  observations.  These 
laws  are, 

*  I         ■ 

I.  The  orbit  of^ach  pkmet  u  an  ellipse ;  of  which  the  sun  bctepies 

one  of  the  foci. 

The  extremity  of  the  major  axis  of  this  ellipse,  nearest  the  sun,  is 
called  the  perihelion ;  the  opposite  extremity  of  the  same  axis  b 
called  the  aphelion.  The  line,  which  joins  these  two  points,  b  called 
the  line  of  the  apsides.  The  radius  vector  is  an  imaginary  line  drawn 
from  the  centre  of  the  sun  to  the  centre  of  the  planet,  in  any  part  of 
its  orbit. 

The  velosity  of  a  planet  in  its  orbit  is  always  greatest  at  its  peri- 
helion. This  velosity  diminishes  as  the  radius  vector  increases;  till 
the  planet  arrives  at  its  aphelion,  when  its  motion  is  the  slowest.  It 
then  increases,  ia  an  inverse  manner,  till  the  planet  arrives  again  at 
its  perihelion. 

II.  The  areas,  described  about  the  sun  by  the  radius  vector  of  the 
planet,  are  proportional  to  the  times  employed  in  describing  thenu 

These  laws  are  sufiident  for  determining  the  motion  of  theplaneto 
round  the  sun ;  but  it  is  necessary  to  know,' for  each  of  these  planets, 
seven  quantities ;  which  are  called  the  eTcnients  of  iheUr  elliptical 
motion.  The  first  five  of  these  elements  relate  t6  'th^'tiibtlbd  in  an 
ellipse;  the  last  two  relate  to  the  position  of  the'  cfrbit;  'ifikc^^Uie 
planets  do  not  all  move  in  the  same  plane. 
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1.  Tbe  dnntioii  of  a  lideml  rcTolulioo  of  ihe  planet 

3.  Half  the  major  axis  of  ttie  <n1tit }  or  themeaa'dutance  of  the 
pln>etfroin  tiiesgu.  "  - 

3.  Tkeoxotricity  o(Uwori«t;^wheiwe^we(lfe(ltic61hegintc^ 
,  CqiatiMi  of  fti*  <¥P.tre,  "  '    ' 

-4.  Tbe  jaean  longitude  of  the  ptaiwt  at  a  gijren. epoch..  . 

5.  The  loDfilude  of  Ihe  perihelion  at  a  given -epocli. 

C,  Tl»e  longitude  cf  liie  iigdes  ar  ii  given  epopb. 

7>  .Tbe  inclinalion  of  tbe  orbit  to  the  erliptk. 

.Tbe  following  Tables  present  all  these  etemenls-  for  the  lint  no- 
.iQent  of  the  present  c'eulurj' ;'npinely(,  fbrHial  point  of  timeat 
.  pHrfoigbt  nhicii  separates  the  sjit  of  December  1601%  And'tbe  Tst 
•CJaniiary  1801  moan  time  at  Parii.— {TliV obierr atqry, «i  Pub 
bio  north  latitude  4S'  50' lA",  and  in  longitude  9' .91"  east  fi«B 
Gfeenwicb  obvTyatory.] 

J.  Duration  p/ a ^SielerealRtselutiaH^ 

Ceres  V.'^Osi-SagoOOOO 

Pallaj  ...,..,^  KJsiTOQOoooo 

Jupiter. ,  .<332  59630760 

Saturn ioysngegsiooo 

UrauuB ,8066871268720 


>TcDn. 


Vcita  . 

'JHM... 


...a7rS»6SC3S04 
..224-700823$ij 
..865'25(i3835a 
..6669796I866 
,1336  ■20500000 


2.  Mean  Diatqnctfrom  tie  $jt_a. 


VeiiBi.;. 
Eaitb  .. 
Man   .. 


..-3870981 
..•7233323 
,1-0000000 


,.2-«730000 
,  2-6671630 


Ceres   ........;... 2-7674050 

S«lb»  ..■...■.■...■...2-7675920 
Jupiter.  ,■.■,-. . . .-.  ,-.■.  5-20279^1 1 

Saturn 9^5387705 

Unuui  ..........  19-1833050 


3.Jtatio  of  the  Eccentricittf  to  half  the  Major  Axis. 

UercniT -20551494 

Teniu ,-00685298 

Enth   01685818 

■  Um  -09313400 

.Veata -09322000 

,)a*k a -25494400 


Ceres   -07834860 

i*alla* -24538-100 

Jupiter -04817840 

Saturn ■05616830 

Urauus -(54667030 


1.2 
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4.  Mean  LangUtukj  Jamuay  1, 180L 


Mercury 182»  16647 

Venus 11«93672 

Karfh 111*28179 

Mwn 71*24145 

Vesta 297M8990 

Judo  822*79380 


Cews 294M68» 

Pdlas 280*^68580 

Jupiter. 124*  67781 

Sutum 150-38010 

Urtotts 197**  54244 


5.  Mean  Lof^itude  of  the  Penhdimi. 


Meitury 82*6256 

Venus  142*9077 

Berth 110*5571 

Man 869*8407 

Vesta 277*4630 

Juno 59*2349| 


Ceres. 162*9565 

Pillas. 184^704O 

Jupiter   12*3812 

Saturn. 99*05« 

Uranus. 185*9574 


6.  Longitude  of  the  a$cendiwg  Node. 


Mercuiy 51*0661 

Venus 83M972 

Earth 0*0000 

Mars 63*3605 

Vesta. 114*4630 

Juno 190-1228 


Ceres 89*9083 

Mlas   191*7148 

Jupiter 109*3624 

Saturn 12^3662 

Uianus 80^9488 


7.  Inclination  of  the  Orbit  to  the  Ecliptic^ 


Ceres    11*80680 

Pallas  38*46540 

Jupiter   r46034 

Saturn. 2^"  77102 

Uranus   • 0*85990 


Meftury 7*78058 

Venus 3*76936 

Earth .-.OP  00000 

Mars 2*05663 

Vesta 7*94010 

Jitno 14*50860 

The  examination  of  the  first  two  tables  here  given  will  show  us 
that  the  duration  of  the  revolutions  of  the  planets  increases  with 
their  mean  distance  from  the  sun.  Whence  Kepler  diKOvered  hi^ 
third  fundamental  law;  namely, 

IIL  The  squares  of  the  tiroes  of  the  revolutions  of  the  planets  are 
to  each  other  as  the  cubes  of  their  mean  distances. 

The  ellipses,  which  the  planets  describe,  however,  are  not  unal- 
terable. Their  major  axes  appear  to  be  always  the  same  |  but  their 
eccentricities,  the  positions  of  their  perihelbn  and  nodes,  together 
with  the  inclination  of  their  orbits  to  the  ^iptic,  aeem  to  vary  in  a 
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tatnt  of  ywrs.  Tiiese  varialions,  beiug  wnsible  only  in  a  wriesof 
■gN.  mn  called  secular  inequalilies.  Tlitre  is  no  doubt  of  their 
exuteon:  but  Ibe  modem  observations  not  being  sufficiently  exten- 
aive,  and  the  ancient  not  sufficiently  exact,  tbere  slill  rests  si 
gree  of  uncertainty  a«  to  ibeir  niagnitiide>  The  following  Table  will 
siiow  ifae  inequalities  thatiiappcn  in  a  period  of  one  hundred  yean, 
ami  are  the  values  that  appear  to  accord  best  wilb  the  present, 
observations. 


1 


Secdlah  Inequalities  of  the  Planets. 

TAo  .f^  —  rignifin  a  Olmintillini. 


Eccen 


■000003867 
■00006-2711 
Etlth  ..1—000041632 
-000090176 
lifter..  -00Oi:,93(O 
BUsni  ..— 000312402 
' — 000025072 


•>  488405 
"  204895 
"  597860 
"  073869 


— 0°  000447 
.0°  006978 
O*  004788 
0°  000967 


'  Then  are  also  some  inequalities  which  aHecl  the  elliptical  motiod 
of  the  planets.  Tliat  of  the  earlh  is  a  little  altered.  Butllieyare 
must  leosible  in  Jupiter  and  Saturn;  for  it  appears  that  the  dura- 
tion of  Utcir  revolution  round  the  sun  is   subject  to  a  periodical 


— 0"  71866i 

.0°  486904  -  I 
—0°  699525  r 

1 10481 ; 


Mfrcvry. 
J  u  the  nearest  planet  to  the  sun ;  its  meao  distance  being 
■&87,  Ifasi  of  the  earth  being  considered  as  unity.     This  makes  his 
mean  distance  above  36  milJionii  of  miles. 

He  performs  his  sidereal  revolution  iu  87  33"  IS'  43",93od  his 
mean  synodical  revolution  in  about  1 16'  days. 

Tbe  eccentricity  of  bis  orbit  is -2055 ;  balftlie  m^or  axi)  being 
taken  as  equal  to  unity. 

His  mean  longitude,  at  the  commencement  of  the  present  century* 
was  in  5'  23"  56'  2?'  ,0. 

The  longitude  of  his  perihelion  was,  at  the  same  time,  in  2"  I  *'  SI*  '^ 
*6',9,     The  line  of  the  apsides  has  a  sidereal  mutiou,  according  ti 
the  order  of  the  signs,  equal  to  9'  43",6  in  a  cenlur^.     But,  if  m 
tined  to  the  ecliptic,  this  motion  will  (owing  to  the  precession  of  1 
L3 
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tbe  equinoctial  points)  be  equal  to  55'^ fi  in  a  yeaf ;  or  to  1**  33^ 
IS'^jS'm  a  century* 

His  orbit  is  inclined  to  tbe  plane  of  theecllfif ic  m  an  angl^  of  7*  (/ 
9^,1 ;  which  angle  is  subject  to'  a  small  increase  of  about  1^»2  in  a 
century. 

\  Hb  orbiti  at  the  coniinencement  of  the  present  century,  crossed 
the  ecliptic  in  1*  15'  57*30^,9;  having  a  sidereal  motion  to  the' 
westward  every  century,  of  13'  7f\2.  But,  if  referred  to  the  eclip- 
tic, the  place  bfthe  nbdi^~wiir(cMi'ac<K>unt  oTtbe  precession  of  the 
equinoxes)  fail  more  to  tne  eastward  by  42^^,3  in  a  year,  or  1*  1(/ 
27"fi  in  a  century. 

The  rotation  on  his  axis  is  accoiii|>lished  in  1'  0^  5' 28^,8.  But 
the  inclination  of  its  axis  is  not  known. 

[The  diameter  of  Mercury  b  about  3l23  miles ;  which,  compattd 
with  the  earth's  diameter  coiisid^reit  as'  linity,  b  about' '3944*] 

fiji  mas^  compared  with  thai  of  the  sun  considered  as  anity»  ik 

,  [Tlie  proportion'  of  light  ahd  beat'  receiVed  froni  the  suo  n  aboak 
0*68  times  greater  than  on  our  planiet] 

As  seen  from  the  earth.  Mercury  never  appears  at  any  great  dia* 
tance  from  the  sun;  either  in  the  morning  or  the  ev^eniiig,  Hb 
elongation,  or  anguhir  dbtance^  varies  from  Id"  13^  to  38*  48^. 

Hb  course  sometimes  appears  retrograde.  The  mean  arc,  which 
it  describes  in  this  case,  is  about  13''3(/;  and  its  mean  duration  is 
about  23  days ;  but  there  b  great  difference  in  this  respect.  Thb 
retrogi[adation  commences  or  finbhes  when  he  is  about  IS*  dbtant 
from  the  sun.  * 

Mercury  changes  hb  phases,  like  the  moon,  according  to  hb  van- 
ous  positions  with  regard  to  the  earth  and  sun :  but  thb  caimot  be 
discovered  without  the  aid  of  a  telescope.  Hb  mean  apparent 
diameter  b  6^,9* 

[Mercury  is  sometimes  seen  to  pass  over  the  sun's  dbk ;  which 
can  only  happen  when  he  b  in  his  nodes,  and  when  the  earth  b  m  the 
same  longitude.  Consequently  thb  pfaaenomenon  can  take  place 
only  in  the  month  of  May  or  November.  The  Arst  observatioil 
of  thb  kind  was  made  by  Gassendi  in  Kovember  l631 ;  since  which 
period  they  have  been  frequent.  The  next  appearance  of  thb  kind 
wiU  be  in  November  1815.] 
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Venui. 


Yenni  pafbms  her  skleretl  revolution  in  324'  1(?  40"  1  X^fi ;  and 
her  meui  lyiodical  reTolution  is  about  584  days. 

Her  meu  distance  from  the  sun  is  723  ;  that  of  the  earth  bein^ 
eonadrnd  as  uoitjr.    Th|s  makes  her  mean  distance  nearly  68  mil-' 
lions  of  miles. 

The  ecceotricily  of  her  orbit  b  -OO69 ;  half  the  major  axis  being 
coQsidered.as  nnitj.    She  is  the  least  eccentric  of  all  the  planets. 

Her  mean  longitude,  at  the  commencement  of  the  present  cen- 
tiiiy,  was  in  0  1 0*  44'  Z5'\0. 

The  lof^tode  of  her  perihelion  was,  at  the  same  timCi  in  4'  8*"  37^ 
(TaP.  Tbf  line  of  her  apsides  has  a  sidereal  motion,  contrary  to  the. 
order  of  the  signs,  of  if  27^8  in  a  century.  But  if  referred  to  the 
cdipCic,  this  motion  will  appear  (on  account  of  the  precession  of  the 
cymonies)  to  proceed  according  to  the  (mler  of  the  signs  at  the  rate 
t^  VM  m  a  year,  or  1'  19^2'^2  in  a  century. 

Her  <»rbit  b  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of 
9  7^  92^»7 ;  a[hich  angle  decreases  about  4ffi  m  a  century. 

Her  orbit,  at  tlie  commencement  of  the  present  century,  crossed 
iheedpptifB  io  2!  14"*  52'  39^\9.  But  the  nodes  have  an  apparent 
HolpOQ  in  lopgitude  of  3  ^'',4  in  a  year,  or  52'  2(/',2  in  a  century. 

The  rot^ioo  on  b^^  axis  b  |)erformed  in  23^  2V  ffi ;  but  the 

jyHryfrP  <^f  ^'  ^'  b  not  known. 

fihe  diameter  of  Venus  b  7/02  miles :  consequently  she  b  near^, 
ft  targr  #  thf  earth.] 

HfT  maib  compared  wilh  that  of  the  sun  considered  as  unity,  b 

[T^  pvoppftion  0/  light  and  heat,  received  by  ber  from  the  sun, 
b  1*91  tines  greater  than  on  our  planet.] 

It  hi  sw)QfuM[ed  by  an  atoiosphere,  the  refractive  powers  of  which 
dlBipf  fery  Uttle  from  those  of  our  atmosphere. 

Al  ficfre^  from  tiie  eatth,  Venus  b  the  most  brilliant  of  all  the 
pbttif Ip  1  and  may  sometimes  be  seen  with  the  naked  eye  at  noon 
igB$^  fhe  b  known  as  the  morning  and  evening  star ;  and  never  re- 
cidet  liir  from  the  sun.  Her  elongation,  or  angular  dbtance,  varies 
fopM^lo4»^ 

Her  m<i^90  spme^es  appears  retrograde.  The  mean  arc,  which. 
(bs  d^s^^ribff  ip  siicti  casci  b  about  Iff*  12';  a^d  her  mean  duration 

L  4 
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»  about  42  days.  Thb  retrogradatioo  commences,  or  fiohbesj 
wbeo  she  is  about  28*  48'  dbt^ol  from  tbe  sim. 

Venus  changes  her  phases,  like  the  moon,  according  to  her  posi« 
tion  with  respect  to  the  sun  and  the  earth :  which  causes  a  verj  con* 
aiderable  di&rence  in  her  brilliancy. 

Her  mean  apparent  diameter  is  IT'^O;  her  greatest  apparent 
diameter  is  about  5ffi. 

[Venus  b  sometimes  seen  to  pass  over  the  sun's  dbk ;  which  can 
happen  only  when  she  b  in  her  nodes,  and  when  the  earth  b  in  the 
aame  longitude.  Consequently  it  can  take  place  only  in  the  months 
of  June  or  December.  Three  of  these  transits  have  been  already 
observed :  one  in  1639,  one  in  June  I76lf  and  one  in  June  l?^- 
There  will  not  be  another  till  the  8th  of  I>ecember  1874.] 

The  Earth. 

The  Earth  which  we  mhabit  b  also  one  of  the  planets  that  r^- 
voWe  about  the  sun.  It  performs  its  sidereal  revolution  in  36^  <^ 
^  \l'\5 :  but  tbe  time  employed  in  going  from  one  tropic  to  tbe 
Other  b  only  560"  5^  48'  51^6.  The  tropical  year  b  aboot  1  Vfi 
shorter  than  it  was  at  the  time  of  Hipparchus. 

Its  mean  dbtance  from  the  sun  b  23578  times  its  own  semi-dift* 
meter :  whence  it  is  above  93  millions  of  miles  distant  from  that 
luminary.  If  tlib  mean  dbtance  be  taken  equal  to  unity,  %re  shall 
have  its  dbtance  at  the  perihelion  equal  to  *9^2 ;  and  its  distance 
at  the  aphelion  equal  to  1*0168. 

The  eccentricity  of  its  orbit  is  *0l68:  half  the  major  axb  being 
considered  as  unity.  The  major  axb,  therefore,  will  be  to  tbe  minor 
mxb  of  the  orbit,  in  the  proportion  of  l  to  '99439. 

Its  mean  longitude,  at  the  conunencement  of  the  present  century, 
was  3'  10^  Sf  13^0. 

Its  velocity  varies  in  different  parts  of  its  orbit.  Like  all  the 
other  planets,  it  is  most  rapid  in  its  perihelion,  and  slowest  in  its 
aphelion.  In  the  former  point  it  describes  an  arc  of  1**  1^  9^,9  in 
the  course  of  a  day;  and  in  the  latter  point  it  describes  an  arc  of 
only  bV  11^,5  in  the  same  period.  The  mean  velocity  is  5gf  0^,7 
each  day. 

The  mean  longitude  of  its  perihelion  at  the  commencement  of 
the  present  century  was  3'  9^  30^  3^0.  But  the  line  of  the  apsides 
bu  t  direct  sidereal  motion  of  19^  40^,8  in  a  century;  whicb» 
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beiog  referred  to  ibe  erliplic,  will  give  it  ■  motion  (according  to 
tlie  order  of  the  signs)  of  l'  l",9  in  a  ;ear,  or  1*  43'  ICTfi  ia  m 
cenlury.  A  complete  revoluiioii  round  the  line  of  the  aptides  a 
calleO  the  aiioiiuilistic  jear;  and  is  performed  in  36s' &"  14' 2". 
Tlie  penhelion  coincided  with  the  vermil  eqiiioot  a)>oiit  the  year 
40S!)  brfnn  Ibe  Christian  lera.  It  coincided  with  the  siimiiier 
(oIsDrr  about  the  year  1250  after  Clirisl :  and  will  coioctdr  with 
the  autiimiisl  equinox  about  ihe  year  64B3.  A  complete  tropical 
revolalion  of  the  apsiiles  is  performed  iu  30931  years. 

The  nxh  of  the  earth  is  incliiied'lo  the  plaoe  of  the  ecliptic  in  an 
angle  of  23°  37'  J/'.O:  which  tmgle  is  observed  lo  decrease  at  the 
rate  of  S2",l  in  a  century.  But  this  vHrialioD  of  the  angle  is  con< 
fiiird  within  certain  limits;  end  cannot  exceed  2°  43', 

The  tmiual  intersection  of  the  equator  with  the  ecliptic  is  not 
alwa^t  b  Ihe  same  point :  but  b  retrograde,  or  contrary  (o  the 
order  of  the  signs.  Consequently  tbe  equinoxial  points  ap|>ear  lo 
move  forward  on  tbe  ecliptic;  and  whence  this  phenomeoon  ii 
ailed  the  precession  of  the  equinoxes.  Tbe  quantity  of  ibis 
annal  chtrnge  it  iO^,l|  or  1*  33' 30"  iu  a  century.  A  cuinplele 
moiuttuii  i*  ifcrfnrnied  in  35668  years. 

Tlw  'idereal  day,  or  the  lime  employed  by  the  earth  in  revoke 
ing  Ml  its  axis.  i«  always  the  same.  Its  diurnal  rotation  ha<i  not 
nmd  tlie  hundredth  part  of  a  second,  since  the  time  of  Hippaiv 
cbtn.  If  the  mean  aitronoraical,  or  civil,  d»y  be  taken  equal  lo 
21  hours,  Ibe  duration  of  tbe  sidereal  day  will  be  23''56'4",l. 

Tbe  astronomical,  or  civil,  day  is  constantly  cliaiigitig.  This 
variation  ari»ed  from  two  causes;  l.The  unequal  motion  of  the 
e«rtb  in  its  orbit ;  S.  The  obliquity  of  that  orbit  lo  the  plane  of  Ihe 
efjiutor.  [The  mean  and  apparent  solar  days  are  never  equal, 
except  wheii  liie  sun's  daily  motion  in  right  ascensioa  is  Sgf  8". 
This  is  (be  C8se  about  April  ttitb.  June  iGtb,  September  Isl,  und 
I>ec«nil«r  2Jlh;  on  these  days  tbe  difference  vanishes,  or  nearly 
lo.     It  is  at  its  greatest  about  NnvemlKr  lit,  when  il  is  16'  16".] 

Hie  astronomical  year  is  divided  into  four  parts,  determined  by 
Ibe  two  eijuinoKcs  and  Ihe  two  solstices.  The  interval  belwfen  Ihe 
veioal  and  uutumnat  equinoxes  is  (nn  account  of  the  eccentricity  of 
Ihe  tvtti's  orbit,  and  its  unequal  velocity  therein)  near  eight  days 
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Ihoger  than  the  roter^Bl  between  the  autumnal  and  venial  equiooiet* 
These  ntervali  are,  at  present,  nearly  as  follow: 


thn  spring  equinox  to  4he  sum- 7      *    *:  *;"| 

soistke. J..922145i       ,     ^^ 


d.     k.    m. 

ZZIS5  35  20 


From  the  sommer  solstice  to  the  au*  >.    q«  . «  _  i 
tumnal  eqvinois 3**  ^ 

Ttom  the  antumoal  equinox  to  the)  1647) 

If  inter  solstiM^ «••••••  1**  f 

F«mth.wi.t««.UtketotlKV.I9ru.g- 
equinox 

7  16  51 


1..  89  1647^ 
^..89    1  42  i 


The  nutation  of  the  earth's  axis  is  19^»3* 

Dght  takes  S'  13'',3  to  come  from  the  sun  to  the  earth.  But  in. 
this  interfal  the  earth  has  rao?ed  20^,2  in  its  orbit.  This  nM>tio» 
of  the  earth  produces  an  optical  illusion  in  the  light  which  comei 
from  the  stars;  and  which  Bradley  calls  the  aberration  of  light. 

The  figure  of  the  earth  is  that  of  an  oblate  spheroid;  the  axis  of 
the  poles  being  to  the  diameter  of  the  equator  as  381  to  332.  The 
mean  diameter  of  the  earth  is  about  fg\6  miles;  its  equatorial 
diameter  b  7g24  miles. 

As  a  necessary  consequence  from  this  circumstance^  the  degraaa 
of  latitude  increase  m  length  as  we  recede  from  the  equator  to  the 
poles.  But  difiereut  meridhins,  under  the  same  latitude,  pveaent 
different  results.    The  general  fact,  hovierer,  is  well  asoestained. 

The  density  of  the  earth  is  3*9326  times  greater  than  that  of  the 
sun»  and  is  to  that  of  water  as  1 1  to  2. 

Its  masSf  compared  with  that  of  the  smi  considered  as  onifcy,  is 


t 


The  centrifugal  force  is  greater  at  the  equator  than  at  the  poles: 
in  consequence  of  which,  bodies  lose  part  of  their  weight  by  being 
taken  towards  the  equator*  If  the  gravity  of  a  body  at  the  equator 
be  represented  by  unity,  its  gravity  at  the  poles  wiU  be  increased  hj 
*OOj69.  A  pendulum,  therefore^  which  vibrates  seconds  ia  the 
higher  latitudes,  must  be  shortened  at  the  equator  in  order  to  ren* 
der  the  oscillations  isochronous.  [A  pendulum  89*197  inches  long 
will  swing  seconds  at  the  poles;  but^  in  order  that  it  may  swing  se* 
conds  at  the  equator  it  must  be  reduced  to  39'0?7  inches^J 

The  centrifugal  force  at  the  equator  is  nearly  if^th  of  gravity. 
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If  the  TOtatioD  of  the  earth  were  17  times  more  rapid,  the  centri- 
fogal  foKe  would  he  equal  to  that  of  graTity ;  and  bcKfies  at  the 
equator  Would  not  have  any  weight. 

A  rare  ind  elastic  flnid  surrounds  the  earth,  which  is  called  the 
atmosphere.    Neither  the  temperature  nor  the  density  of  this  fluid' 
is  uniform ;  bnt  diminishes  in  proportion  to  its  distance  from  the 
iorftee  of  the  earth,  and  ii  also  afiectcd  by  other  circumstances. 

If  the  denshy  of  the  atmosphere  were  every  where  the  same, 
and  it^  temperature  at  zero,  and  the  height  of  the  barometer  at' 
29*92196  inches,  the  height  of  the  atmosphere  would  be  ^60^ 
feet;  or  3*7  miles. 

The  atmosphere  is  a  heterogeneous  substance.  Out  of  100  parts, 
79  ^^  axotic  gas,  and  the  remaining  21  are  oxygen  gas,  Thb  b 
Ibiind  to  b^  universally  the  case,  in  whatever  season  or  whatever 
dhnate  the  experiment  be  tried.  This  proportion  is  also  found  to 
exist  in' the  highest  points  of  the  asmospliere  that  have  been  reached 
by  means  of  balloons. 

A  body  projected  horizontally  to  the  distance  of  about  4*35 
mUcs^  if  there  were  no  resistance  in  the  atmosphere,  would  not  fall 
•  again  to  the  surface  of  the  earth,  but  would  revolve  round'  it  as  a 
satellite;  the  centrifugal  force  being  there  equal  to  its  gravity. 

The  rajs  of  light  do  not  move  in  a  straight  line  through  the  at- 
mosphere ;  but  are  inflected  continually  towards  the  earth :  so  tliat 
the  stars  appear  more  elevated  on  the  horizon  than  they  really  are* 
We  flhd,  from  the  most  accurate  observations,  that  the  refraction, 
which  the  atnfi6'sphere  produces,  is  ind'e|)endent  of  its  temperature, 
and  (Proportional  to  its  density.  But,  as  the  density  varies  accord- 
hg  to  the  temperature ;  it.is  necessary  to  attend  not  only  to  the 
state  cff  the  baroYneter,  but  also  of  the  thermometer. 

The  humidity  of  the  air  produces  very  little  eflf^ct  on  its  refractive 
powers,  and  may  therefore  be  safety  omitted. 

The  tehnperattire  of  the  whole  sttmosphere  being  supposed  at 

kro,  its  density  will  diminish  in  a  geometrical  progression,  accord- 

'  iag  to  if s  distaince  from  the  surface  of  the  earth :  and  we  find  by 

experience,  that  the  height  of  the  barometer  being  29*92  inches, 

the  refraction  at  the  horizob  is  39^  54^7-    It  would  be  only  30^ 

24^,1  if  its  density  diminished  in  arhhmetical  progression;  and 

would  be  nothing  at  the  surface.    The  horizontal  redaction,  whicb 

Mobaerv^  about 35^0^,0  Isa  meati  betwecd  these  limits. 
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WheD  tbe  apptrent  height  of  a  star  upon  the  horizon  does  not 
exceed  elcren  degrees,  its  sensible  refrmction  depends  only  on  the 
state  of  tbe  barometer  and  thermometer  m  tbe  place  of  observa- 
tion ;  and  it  u  nearly  proportional  to  the  tangent  of  the  apparent 
distance  of  the  star  from  the  lenith,  diminished  by  3}  times  tbe  cor- 
responding  refraction  at  this  distance,  tbe  thermometer  being  coosi* 
dered  as  at  the  freezing  point  and  the  barometer  as  at  29*9^  inches. 
From  these  principles  have  been  formed  tbe  Tables  of  Refraction^ 
corresponding  to  tbe  several  variations  hi  the  scale  of  the  thermo- 
meter and  barometer. 

The  action  of  the  sun  and  moon  has  a  considerable  eftct  on  tbe 
water  of  the  ocean,  and  produces  tbe  phsenomena  of  the  tides. 

The  sea  rises  and  falls  twice  m  each  interval  of  time  comprised 
between  tbe  consecutive  returns  of  the  moon  to  the  same  meridian. 
The  mean  interval  of  these  returns  u  I'  O^S(f  2^' A  ;  consequently 
the  mean  mterval  between  two  fbllowuig  periods  of  high  water 
is  12^  25'  lO.  So  that  the  retardation  in  the  tune  of  high  water* 
from  one  day  to  another,  is  5tf  28^  in  its  mean  state :  and  it  is  af« 
fected  by  all  those  causes  which  influence  the  moon's  motion. 

This  retardation  varies  with  the  phases  of  the  moon.  It  is  at  fta 
minunum  towards  the  syzigies  when  the  tides  are  at  their  maaimnm* 
and  it  is  then  only  38'57'^1.  But,  when  the  tides  are  at  their  mi- 
nimum, or  towards  the  quadratures,  it  is  then  the  greatest  pos* 
sible;  and  amounts  to  l^  14'58'',8. 

The  variation  in  the  distances  of  the  sun  and  moon  from  the  earth 
(and  particulariy  the  moon)  has  an  influence  also  on  this  retarda^ 
tion.  Each  minute  in  the  increase  or  diminution  of  the  apparent 
diameter  of  the  moon  augments  or  diminishes  this  retardation  W 
42'^9  towards  the  syzigies ;  but  towards  the  quadratures  tbe  eflfect 
is  three  times  les«. 

The  daily  retardation  of  the  tides  varies  likewise  with  the  decli- 
nation Qf  ihe  8UU  and  moou.  In  the  syzigies,  at  the  time  of  the 
solstices,  it  is  about  7/  \^"»9  greater  than  in  its  mean  state ;  and  it 
b  diminished  in  the  same  proportion,  at  the  time  of  the  equuioxes. 
On  the  contrary,  in  the  quadratures,  at  the  time  of  the  equmoxes, 
it  exceeds  iU  mean  state  by  7^49^«3;  and  is  in  a  simihr  manner 
dunmislied  by  thi^  quantity,  at  the  time  of  the  solstices. 

The  height  of  the  tides  is  also  considerably  influenced  by  all  those 
causes  which  have  been  just  mentioned ;  and  depends  on  tbe  phases 


ELEMF.NTS  OP  ASTRONOMY. 


I5f 


•nd  poutioD  of  the  mooti  in  her  orbit.  It  a  greatest  when  tlie  moan 
ii  in  the  «;nfiK<es  :  and  is  dimiuislied  in  the  quBdraturei.  Tlie  diA< 
liince  liknrae  of  llie  sun  and  moon  from  the  earth,  as  well  as  llielr 
declination,  iias  a  material  etTectupon  tlie  height  of  the  tides. 

But  the  itale  of  the  tide*  is  so  modified  by  the  nature  and  poailioa  ' 
of  ibe  cojula,  the  depth  of  the  chamicl,  the  operation  of  the  wimhf ,  j 
and  by  other  causes,  that  the  above  laws  will  not  always  be  fwind  1 
to  correspond  with  ihe  actual  state  of  the  tides,  parlirularly  near  tbe 
co<ut,  ill  in  riven.    It  will  however  be  found,  from  the  mpan  of  i 
Duniber  of  obserralions,  that  the  ine<|ualities  in  the  heights  and  ii 
llie  intervals  of  the  tides  have  various  periods.     Some  are  of  half  ■ 
Aij  sni)  a  day ;  others  are  of  half  a  month  and  a  nionlb ;  whilit    ', 
others  again  are  of  half  a  year  and  a  jear :  and  some  are  the  sai 
■t  the  times  of  lite  revolutions  of  the  lunar  nodes  and  apsides. 

Tbe  acliou  of  the  moon  upon  llic  waters  of  the  oceun  is  triple 
IW  of  tht  sun. 

Mars. 

Man  !•  easily  known  in  the  heareni  by  his  red  and  fiery  appear*  j 
IK*.  He  performs  his  sidereal  revolution  in  686'  33''  3(f  3£)",0  or  ,' 
k  1-S81  Julian  yean :  and  his  mean  synodical  revolution  iu  about.  ^ 
J90  days,  or  in  about  2'13S  years. 

Hb  mean  distance  from  the  sun  is  I  '524  ;  that  of  tlie  earth  being  < 
CMisidcicd  as  unity.    This  makes  his  mean  distance  above  14a  Biil- 
lioos  of  miles. 

Tbe  rccentiicity  of  his  orbit  it  'QqS:  lialf  the  m^or  axis  beiD( 
tonsidcTed  as  nuity. 

His  DMao  longitude,  at  lliecoiumencementof  the  present  century, 
was  in  a'  4*  ;'  3",3. 

Tlie  Ioug:itude  of  fais  perihelion  was,  at  the  same  time,  in  ll'g* 
9V  1tS".g:  but  the  line  of  the  apsides  hns  an  apparent  motion,  ao-   I 
eDrding  to  the  order  of  the  signs,   of  1'  5",9  ■»  a  year,  or  l°49'  i 
if  A  in  >  century. 

Hb  oihil  is  inclined  to  the  plane  of  tbe  ecliptic  in  an  angle  of  ' 
1"  Si'  8"^ :  which  angle  decreases  about  l",4  in  a  century. 

Hb  orbit  at  tbe  commencement  of  the  present  century  crossed 
llit(«^ic  in  I'  18°  r28",0:  but  the  place  of  Ihe  nodes  basanap. 
paiHt  motion  in  longitude,  according  to  tbe  order  of  the  signs,  of 
tC'A  m  I  year,  or  44'  4i",i  in  k  ccntaiy. 
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The  eolation  on  his  axi^  is  perfonn«4  in  1*^  0*"  5S^  21^,3 :  and  14s 
aiis  isrinclined  to  the  ecliptic  in  au  angle  of  59°  41^  4gt\2. 

[His  mean  diameter  is  equal  to  430S  miles:  conseqaenily  he  is 
rather  more  than  half  the  size  pf. our  eaith.] 

•His  mass,  compared  with  that  of  .the  sun  coosideced  as  .unity,  is 

.  [The  proportion  of  light  audbeat,  received  by  him  from  the  suo, 
.is.'43 :  that  received  by  the  earth  beiug  considered  as  unity.] 

:  He  has  a  very  dense  but  moderate  atmosphere :  and  he  u  not  ac- 
companied by  any  satellite. 

As  viewed  from  the  earth,  the  mot^'on  of  Mars  appears  spipetiroes 

.  letrpgrade*    The  mean  arc  which,  he  describes  in  this  case  is  1 6*  12^: 

.  and  its  mean  duration  is  about  73  days.    This  retrogradation  com* 

mencesy  or  finisties,  when  the  planet  is  not  more  than  136*  4^  from 

.  the  sun. 

Mars  changes  hb  phases  somewhat  in  the  same  manner  as  the  moon 
does  from  her  first  to  her  third  quarter,  according  to  hb  various  po- 
sitions with  respect  to  the  earth  aud  the  sun :  but,  lie  never  becomes 
comicularj  as  the  moon  does  when  near  her  conjunctions.  Hb  mean 
apparent  diameler  b  S^\7'  which  augments  in  proportion  as  the  planet 
.  approaches  its  opposition,  wheu  it  b  equal  to  29^^,2. 
Hb  parallax  b  nearly  double  that  of  the  sun« 

Jupiter. 

Jupiter  b,  next  to  Venus,  the  most  brilliant  of  all  the  planets: 

.  whom  he  sometimes  however,  surpasses  in  brigl^tness.     He  performs 

hb  sidereal  revolution  in  4332*^  14*' IS' 41'^0;  or  in  11*862  Julian 

years.  .But  thb  period  b  subject  to  some  inequalities.    He  perfonns 

hb  mean  synodical  revolution  in  about  399  days. 

Hbmean  dbtance  from  tliasun  is  5*203 ;  that  of  the  earth  being 

.  considered  as  unity,    Thb  makes  hb  mean  dbtance  abov^  .485  mil- 

^  lions  of  miles. 

The  eccentricity  of  hb  orbit  b  *0482 ;  half  the  msyor  axb  being 
t  considered  as  unity. 

His  mean  longitude  at  the  commencen^ent  of  the  present  centifiy 
wa8m3'22«9'9(S'M. 

The  longitude  of  his  perihelion  was^  at  the  samc^  time,  in  0"  1 1*  S' 
dS^^l :  bnt  the  line  of  tbe^ides  l^s  an  apparent  motion^  according 
to  the  order  of  the  signs^  of  56^^,7  in  a  year,  or  1*34'33^V9  tn  a  centuij. 
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His  orint  u  irKlin«<)  to  the  jilane  of  tUe  ecliplic^  aii angle  of  I "  IS' 
51''.5:  which  uobsccvi-d  lo  decrease  ntariy  3-i'',6  in  a  centoty. 

His  oiirit,  Bt  the  commencement  of  (lie  present  century,  crossed 
the  ecliptic  'm3'  B*  35'  3i".-i.  fitil  the  place  of  Ihe  »oik«  has  an 
ipparcDt  motian  in  longitude,  according  (o  ihe  ordet  of  the  signs,  of 
34",3  in  a  year,  or  3?'  1 2",4  in  a  century. 

Tbc  rotation  on  his  axis  is  perfonneil  in  <)^  65'  i^',7  :  and  hi*  axis 
forms  ail  angle  of  S6°54'  Stf'.Owitli  the  plane  of  Ihe  ecliptic. 

[His  mean  diameter  i.s  t<\un\  (o  gid2Z  miles:  coiiseqneully  h&is 
■bout  1 14  linres  as  lai^e  as  oor  earth.)  The  axis  of  his  poles  is  to 
bb  C<|Datorial  diameter  a  -93S7  to  1 ,  or  as  13  to  14. 

Hiarniss,  compared  nitb  that  of  llie  sun  considered  as  unily.is 
tbiVitt:  but  his  density  is  -gossoi. 

[Tlie  proportion  of  light  and  heat,  received  from  the  nin,  is '037: 
llml  received  by  the  earth  being  considered  as  unity.] 

He  is  siirronnded  by  faint  .lubslances  called  zones  or  belts; 
*iUcfa  are  supposed  to  be  parts  of  his  atmosphere.  And  he  is  ac- 
companied by  four  satellites. 

A  body,  which  weiglis  one  pound  al  the  equatorial  surface  of  Ihe 
eaxtb.  would,  if  removed  to  the  surfkce  of  Jupiter,  weigh  SCSI 
poinds. 

As  seen  from  the  earth,  ihe  motion  of  Jupiter  appears  toinetiiaes 
t*  be  retrograde.  The  niean  arc  which  he  describes  in  this  case 
it  abmit  9°  54'  r  and  its  mean  duration  is  about  121  days.  This  re- 
trogradation  coniineaces,  or  flnislies,  whfii  the  plauet  is  not  more 
'  dntam  fhao  115*  12'  from  the  sun. 

Hb  mean  appareut  e<]uatoriaI  diameter  is  3S",2 :  it  b  grcateil 
srtien  iu  oppoMliou,  at  which  time  it  is  equal  to  47",6. 

tyaturn. 
Saturn  performs  his  sidereal  revololion  in  I075S'  33'  16"  «4",2; 
or  in 39'4d6~  Julian  years.    But  this  period  is  subject  to  some  ine- 
qualities.   His  mean  synodical  revolution  is  performed   in  about 
378  days. 

Kb  mean  dbtauce  from  Ihe  sun  is  g-SSQ;  thai  of  the  eartli  being 
1  as  unity.     I'hb  makes  his  mean  distance  above  sga 
19  of  miles. 

The  eccentricity  of  his  orbit  b  OS&i ;  half  the  maiot  axis  being 
a  nnilj'. 
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Hb  mean  loogittide,  at  Uie  cmmiaieeffleiit  of  the  pvetent  eeatory, 
iaV  15*  2(/ 81^5. 

The  longitude  of  his  perihelion  was,  at  At  same  time,  in  2'  2gr 
^BJ^Si  hut  the  line  of  the  apsides  has  an  apparent  motion  in 
longitude,  according  to  the  order  of  the  signs,  of  1^  S^^,  in  a  year, 
or  I*  $5'  47^,1  in  a  century. 

His  orbit  is  inclined  to  the  plane  of  the  ecliptic  in  an  angle  of 
T  29^  88^9!:  which  b  observed  to  decrease  about  15^,5  in  a 
oentnry. 

His  orbit,  at  the  commencement  of  the  present  century,  croetsed 
the  ecliptic  in  in  3' 31*  36'  4&\5 :  but  the  phice  of  the  nodes  has  an 
apparent  motion  in  longitude,  according  to  the  order  of  the  signs^ 
of  27^,4  in  a  year,  or  45'  48^^)5  in  a  century. 

The  rotation  on  hb  axb  b  performed  iu  10^  l&  Itf'fl :  [and  the 
aib  b  mclined  m  an  angle  of  58^  41'  to  the  plane  of  the  ecliptic.] 

[Hb  mean  diameter  b  76068  miles:  consequently  he  b  nearly 
10  times  as  Uirge  as  our  earth.]  The  axb  of  hb  poles  b  to  hb 
equatorial  diameter  as  11  to  12. 

Hb  mass,  compared  with  that  of  the  sun  considered  as  unity^  is 
TsiWr  \^^  ^^  density  b  "OS.] 

[The  proportion  of  light  and  heat  received  from  the  sun  b  •QOll ; 
that  received  by  the  earth  being  considered  as  unity  J 

Saturn  b  sometimes  marked  by  zones  or  belts;  which  are  pro* 
bably  obscurations  in  hb  atmosphere.  And  be  b  accompanied  by 
seven  satellites. 

The  most  singular  phenomenon,  however,  attending  thb  phinet^ 
b  the  double  ring  with  which  he  is  surrounded. 

Thb  ring,  which  b  very  thin  and  broad,  b  indiued  to  the  plane 
of  the  ecliptic  in  an  angle  of  3i^  ig'  ]2'^0;  and  revolves  from  west 
to  east,  m  a  period  of  10^  f^  l&\9,  about  an  axb  perpendicular  to 
its  plane  and  passing  through  the  centre  of  the  planet. 

The  breadth  of  the  ring  b  nearly  equal  to  its  dbtance  from  the 
soriace  of  Saturn :  that  is,  about  \  of  the  diameter  of  the  planet. 

The  surface  of  the  ring  b  separated  in  the  middle  by  a  black  con- 
centric band,  which  divides  it  into  two  dbtinct  nogs. 

The  edge  of  thb  ring,  being  very  thin,  sometimes  disappeaii : 
and,  as  this  edge  will  present  itself  to  the  sun  twice  m  each  revolu* 
tion  of  the  planet,  b  b  obvious  that  the  disappearance  of  the  ring 
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[The  ioUncctioii  nf  Uw  ring  and  ibe  ecliplic  b  ia  i'  'J0°  Uld 
ll'SO*;  c— e^i^BiK.  wbeti  Saium  b  w  eulitr  •(  iboK *isti«,  bb 
liaf  mil  be  iavailile  lu  ns.  On  I  be  coalmy,  when  he  u  in  S'  W* 
or  r  20*.  wc  Bi;  K«  it  bi  noM  MdniiU^.  Tlib  was  Ifar  c»»«  to- 
wanbliMCMl  of  the  ynt  1611.  Regard,  liuwever,  oiiut  be  bmd 
to  ttw  pontioaof  tbe  ntlli.J 

A*  (uwed  frum  tlie  evih,  liic  motioa  of  Saturn  Muwtinirt  a[v 
pesn  RlrftfTwIe.  Tbe  niEan  arc  which  he  iteMrib«s  in  (liii  chm  b 
abootfi'  la':  aiul  iu  du ration  isiiearlj  13>^  day*.  This  niiogn^ 
dotioa  ct>iiiiiMoce»,  or  fiitisfaes,  wheti  Ut«  (tliuiel  ii  diiUuil  shout 
106°  M' from  tbe  »un. 

Hu  IDCU)  apparrat  dianeter  a  17", 6. 

Telescopic  Piatteb. 

Cnniu  was  discovered  hy  Dr.  Herachet,  Afarcb  13,  l^Sl,  nho 
gare  il  the  name  of  the  Georgittn  Sidus.  It  perforaia  its  lidereal  ro 
volulianio  306S8' 1^' 6' l6'>3;  or  inaboul  84  Julian  yean:  and  it 
MprobaU)!  situated  at  the  coufioes  of  the  planetary  system. 

lb  distance  from  the  sun  i>  upfrards  of  1600  million*  of  miles : 
■odhi  apparent  diameter  is  scarcely  3",9' 

Its  tOMaa,  compared  with  that  of  the  suu  comideTed  ai  ntiity,  U 

Six  iale1tit«s  accompany  this  planet ;  which  move  in  orbits  nearf;f 
pfTpCMlicular  to  Die  plane  of  Ihe  ecliptic. 

Tbe  elements  of  the  four  remaining  telescopic  planets  arc  notjTct 
UVCrtaSncd  with  sufficient  precision. 

Sate/iiies. 

The  wuaber  of  satellites  in  our  system,  at  present  known,  u 
ai||iii  HI :  nsiindy,  tlw  Moon  which  revolves  roimd  Uie  earth :  fotit 
tint  biioog  to  Jupiter,  wveu  to  Salura,  and  sis  to  Uranus.  The 
iB0<Ni  i*  ihc  oaly  one  visible  to  the  naked  eye. 

They  all  move  round  tlieir  primary  planets,  as  tlieir  centre,  by  tba 
MOBC  Ikts  as  those  primary  ones  move  round  the  sun  ;  oamciy, 

I.  Tbe  orbit  of  each  satellite  b  au  ellipse,  of  whkfa  tbe  primary 
pUnct  acatpit*  oac  of  the  foci. 
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If.  Tbe  amt»  described  tboot  tbe  priimry  plaiiet,  by  the  radius 
▼ector  of  the  satellite^  are  pro|)ortioual  to  the  times  empk^ed  in 
describing  tliem. 

III.  The  squares  of  the  times  of  the  lerolutions  of  the  satellites^ 
round  their  respective  primary  planets,  are  to  each  other  as  tha 
cubes  of  their  mean  distances  from  the  primary. 

Afoon. 

The  motions  of  the  niooii  are  exceedingly  eccentric  and  irregular. 
She  performs  her  mean  sidereal  revolution  in  27^  7^  43^  ll"y5.  But 
this  period  is  variable :  and  a  comparison  of  the  modem  ubserhH 
tions  with  the  ancient  proves  incontestably  an  acceleration  in  ber 
mean  motion.  Her  mean  tropical  revolution  w  27*  J^  4S'4'\7l  wid 
ber  mean  9ynodical  revolution  isic^  12^  44'  2'\8. 

Her  mean  distance  from  the  earth  is  29*982175  times  the  diame- 
ter of  the  terrestrial  equator;  or  above  137  thousand  miles* 

Tbe  ecc«ntrici|fy  of  her  orbit  is  *0548553 ;  the  mean  distance 
from  the  earth  bfung  taken  equal  to  unity.  But  this  eccentricity,  ia 
variable  in  each  revolution. 

Her  mean  longitude*  at  tbe  commencement  of  the  present  oentniy^ 

was  in  3*2^36' 43^,1- 

Her  velocity  varies  in  different  parts  of  her  orbit.  She  is  swiftest 
in  htj;  perigee  (mr.poijit,  nearest  the  earth) ;  and  slowest  when  in 
her  apogee  (or  point  furthest  from  the  earth).  Her  mean 
velocity  is -equal  to  13^  J(/  34''^9»  or  about  13  times  greater 
that  of  the  sun. 

Tbe  greatest  equation  of  her  centre  is  6^  IT'  54^5.  ^ 

The  mean  longitude  of  her  perihelion  was»  at  the  commeneement 
of  the  present  century,  in  8*  26^  6'  5'\\ ;  but  the  line  of  the  apsides 
has  a  motion,  according  to  the  order  of  the  signs.  The  period  of  a 
sidereal  revolution  of  the  apsides  b  3232'  13**  S&  16^^8»  or  neariy  9 
years.  The  period  of  a  tropical  revolution  of  the  apsides  b  but 
3231*"  11^  24'  8^,6.  But  these  periods  are  not  uniform ;  for  tbej 
have  a  secular  irregularity,  and  are  retarded  wbibt  the  motion  of 
the  moon  itself  is  accelerated.  The  period  of  an  anomalbtic  revo* 
lution  of  the  moon  b  27^  13^  18'  Sl'^A- 

Her  orbit  b  inclined  to  the  plane  of  the  ecliptic  m  an  ai^  of 
5^9^;  but  thb  inclination  b' variable.  The  greatest  inequality; 
which  sometimes  extends  to  8'  47''9ly  k  pnqknrtional  to  the 
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Her  MUt,  ■!  At  iiiMMwnmiifiil  of  lfa«  pTnent  rcnturr,  cro5Mtl  ' 
tiw  edipftic  M  a  U'  iS'  aff*^  :  but  Um  place  of  bcr  nod«s  u  v»*  ' 
riaUc  Tbc;  Ittrc  »  Rtngnde  Botioo,  soil  make  s  Mdereal  revotti- 
tioa  is  079'' 1^  i^  S(r.O:  ot  m  about  I8'6  Julian  vein.  'Dii*  va*  * 
>jec1  to  tnaw  inrquatiliei ;  of  whieb  iIm  ' 
to  ibe  out  of  dnubl^  tlie  distance  nf  (be  ' 
aoca  Iran  tbe  nn;  and  eatcndt  to  I*  37'  43',0  at  iti  maximum. 
A  fjfoJicrf  revoTatioa  of  tbc  node*  b  performrd  in  346'  14'  58* 
4^.61.  11m  «Miti0B  of  ibe  nodes  is  mhject  aho  to  a  shqIut  ine* 
faiity,  dqMndcBl  on  the  acceleration  of  tlie  Dtooii's  inran  mottookl^ 

IWralUiea  »f  Ibe  moon  on  b«r  a&b  b  equal  and  utiifonn  : 
ll  b  perfbnDCd  ia  tbe  same  time  as  ibe  tropical  tevolution  ii 
wAit,  mbtatt  At  alwaji  pmenti  nearly  the  tame  ftirt  to  tbeeulth'^  J 
Bat.  ■•  tbc  molion  of  Ibe  moon  in  her  orbit,  is  penodtcally  variable,* 
«««iBCtBMi  ae«  more  of  faer  eastern  edge,  and  lometiniet  more  of    I 
bti  scdcm  tAs^.    Tbis  appearance  is  called  the  libraiian  of  th**^  1 
■ooa  bbaptude. 

Tbe  an  of  the  moon  is  incliaed  to  the  plane  of  the  ecliptic 
■I  ngk  of  88*  39'  4tf-    In  consequence  of  ihii  position  of  tb»^  I 
■mm,  ber  poles  alternately  become  visible  to,  and  obscured  iroia' 
« :  and  tbn  pheoomenoa  is  called  her  libratioa  in  latitnde. 

TbcR  n  also  another  optical  deception  arisiug  from  the  mooa 
beingMenfroin  thesarfaceof  tlieeaitfa,  bstead  ofthe  centre.    Thii'  \ 
ippeaianceii  called  bet  diurnal  libratioa. 

Tbcre  are  otbet  inequalities  in  the  moon's  motion,  artsine  fron 
tbe  Ktiaa  and  influence  of  the  tun.    The  principal  of  these  ai 

I.  Tbe  ejection  ;  whose  constant  effect  is  to  diminisb  the  equa^  I 

IJMI  of  the  centre  in  the  syxigies,  and  to  augment  it  in  tlie  quadra*  1 

tares.     If  this  iliminirfion  and  increase  were  ulways  the  Mme,  lb* 

mnion  troald  depend  nnlj  on  the  angular  distance  of  the  mooa' 

bom  tbc  ton ;  bnt  its  abioliite  value  varies  also  with  the  distance'    ' 

nf  the  tnoon  from  the  perigee  of  tis  orbit.    After  a  long  series  of  1 

tbiemtions,  we  are  enabled  to  represent  this  iuequnlily  hy  supJ  J 

iwmg  it  equal  to  ihe  sine  of  double  tbc  distance  of  tbe  moon  from 

I  Mia,  minus  the  distance  of  ihe  moon  from  its  perigee.     At  itJ 

ixinnam,  it  amounts  to  1°  l8'l",4.  '   : 

i*  Tu  Yirialiou;  which  disappcan  in  the  sjzigies  and  quadra- 
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tares,  am]  is  greatest  iu  ike  octants.  It  is  then  equal  to  3  V  44^,1  z 
whence  it  is  proportional  to  the  sine  of  double  the  distance  of  the 
in(DOD  from  the  sud*    Its  duration  is  half  a  sy nodical  revolution  of 

the  moon.  ..,..• 

•3.  The  annual  e(|uaticm ;  whicli  follows  exactly  the  same  law  at 
tUe  f  qua^m  of  the  centre  of  the  sun,  with  a  contrary  sign.  Forj  when 
the  earth  i&  iu  its  perihelion,  the  urbit  of  the  moon  is  enlarged  by 
the  action  of  the  sun ;  and  the  moon  therefore  requires  more  time 
to  perform  her  revolution.  But,  as  the  earth  proceeds  towards  its 
apht^Iion,  the  moon's  urbit  contracts.  Hence  the  period  of  this  ine* 
quality  is  an  anomalistic  }car;  and,  at  its  maximum^  it  amounts  to 
11'  13^9*     It  is  subject  to  a  secular  inequalKy. 

The  figure  of  the  moon  is  tliat  of  an  oblate  spheroid  like  the 
earth.    Her  roeau  diameter  u  in  the  proportion  to  that  of  the  earth, 
as  5823  to  21332 ;  or  as  1  to  3 '663.    Whence  her  mean  diameter, 
will  be  about  2160  miles. 

Her  volume,  compared  with  that  of  the  earthy  is  ^ ;  but  her 
mass  is  only  j^.-g. 

The  apparent  diameter  of  the  moon  varies  accordmg  to  her  dis« 
tance  from  the  earth.  When  nearest  to  us  it  is  33'  dl'^,! ;  but  at 
her  greatest  distance  it  is  2!/  2V\9^  Her  mean  apparent  diameter 
is31'26",5. 

Her  meau  horizontal  parallax  is  equal  to  57'  34^,2. 

The  phases  of  the  moon  are  caused  by  the  reflection  of  the  son's 
light ;  and  de|)end  on  the  relative  positions  of  the  sun,  the  earth, 
and  the  moon 

.  An  eclipse  of  the  moon  can  take  place  only  at  the  time  of  her  op« 
'  position  to  the  sun ;  and  is  caused  by  her  passing  through  the  sluh 
dow  of  the  earth.  That  shadow  is  S^  times  longer  than  the  distance 
betweep  the  moon  and  the  earth :  and  its  breadth,  where  it  is  tra- 
versed by  the  muon,  u  about  2^  times  greater  tiian  the  diameter  of 
the  moon.  .The  breadth  of  the  earth's  shadow,  where  it  is  traversed 
by  the  inoop,  is  cquul  to  the  difference  between  the  semidiameter 
of  the  sun,  and  tlie  sum  of  the  horizontal  parallaxes  of  the  sun  and 
moon. 

[The  moop  cannot  be  eclipsed,  however,  if  her  dbtance  from  the 
place  of  her  node,  at  the  time  of  her  opposition,  exceeds  13^  2t'i 
but^  if  it  is  within  7^  4/',  there  will  cerUinly  be  an  eclipse.    The 
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4anfioB  oTlbe  ecIqiM  will  itept^ad  on  the  apparent  dlarneleraf 
moan,  ind  on  llic  brcadlh  of  tlie  sfaudotr  at  tire  pout  where 
!«*«»«  ft  J 

Tfac  (UD  cannot  Iw  eclipsed  untfi!s  the  moon  be  in  cinjtiurtiM')  3 
aud  tben  oolir  when  liie  centres  of  llic  siin  and  moon  are  JD 
nanif  «tniglit  line  with  tlit  e^e  of  the  speclalur  on  ibe  earth, 
turli  cusr,  if  tlie  ap)iareut  dinincleror  the  moon  he  i;reiiter  than 
of  the  lun,  the  eclipie  will  be  total ;  hut,  if  it  be  Icsi,  it  wil 
anuular.  Partial  eclipses,  however,  tuay  ariie :  as  iu  llie  cu^  at 
lunar  rclt|i«e. 

[Hie  son  cannot  I.e  inlallv  obscured  for  a  longer  period  of  tim« 
than  four  riluuIcs;  but  the  moon  inu)'  be  liid  fioiu  our  view  for  a 
much  ioagcl  period.} 

number  of  eclipses  in  a  year  cannot  be  less  than  two, 
■eren.] 

.  ^nerall;  retarn  in  itie  same  order  and  magnitude  at  tl 
>  Junations.  Fur,  in  323  nu'aii  sjuotlical  revolution! 
[7*4a'3l",7:  aod.in  6585' 18''4r43'',(i  there  are  ipmean 
revolutions  of  the  ninoLi's  nodes,  Therefore.atlbeenildf 
'42'  3l",7.  the  moon's  mean  longitude  will  beonljr  2S'32'' 
kAmi  the  mean  fjace  of  bcr  nodes.  In  6i»5  liayt  lliere  arc  18 
Juliw)  teanand  1 1  days,  if  there  are  four  lenpjears  iu  that  period  : 
bat  if  Iberc  are  five  leap  yeare,  they  form  no  more  lliaa  IS  Julian 
Jtan«»d  10  rtayi. 

Tbe  atmosphere  of  ibe  moon,  if  it  has  any,  must  be  eilremetjr 
aUainaled :  and  muot  be  more  rare  than  that  which  we  cuu  produce 
tiilli  oar  best  air-purapi. 

Tbe  light  of  the  monii  it  300000  times  more  weak  <tbnn  that  of 
tbe  WB.  lis  rays,  collected  by  tbe  aid  of  powerful  glasses,  do  not 
produce  aay  sensible  etfecl  on  the  thermometer. 

TW  icfraclion  of  tbe  rays  of  light,  at  the  surface  of  our  earth, 
bdM  be  at  least  1000  times  greater  than  Ibe  surface  of  tbe  mooo. 

Voleanoes  and  mountains  arc  discovered  on  her  surface,  by  tbe  aid 
•f  Ibe  lele«caf>e. 

A  body  projected  from  tbe  surface  of  Ibe  moon,  with  ■  momentum 
Ibat  wosM  cause  it  (o  proceed  at  the  rale  of  about  6200  feet  in  Ibe 
fint  tccond  of  time,  and  whose  direction  sliould  be  in  a  line  which 
at  Ibal  aomcot  passed  through  tbe  centre  of  the  earth  and  moon, 
M  3 


tfllS 


MhUmMTU  Of  ASTBOKOMV. 


jTOidd  not  fidi  «guii  to  the  tnrbce  of  tlie  moon,  but  would  become 
M  Vitellite  to  the  eirt|i.  Its  primitivt  iinpidae  myht»  ioi|«^  be  such 
mi  to  cause  it  even  to  precipitate  to  the  earth.  The  Mooea^  which 
have  fallen  from  the  air,  may  beaceoanted  form  thif  foamier 

Saleliites  of  Jupiter, 

.  By  the  aid  of  tbe  telescope  we  may  discover  fbor  satelKtes  re* 
▼olving  round  Jupiter.  Tbe  sidereal  revolutions  of  these  bodies  are 
•given  in  the  following  table:  together  with  diear  mean  distances 
from  Jupiter,  the  semi-diameter  of  that  planet's  equator  being  eoo- 
sidered  as  unity :  and  likewise  their  masses,  compared  with  Jupiter 
considered  also  as  unity. 
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Fiist  SalelUte.  The  mdination  of  tbe  oriNt  of  this  satellite  Aits 
wot  differ  much  fivm  the  phme  of  JupitBr*s  orftft.  Its  coccntridly 
:» insensible. 

Second  Satellite.  The  eccentricity  of  the  oibit  of  this  sateUile 
is  also  insensible.  The  inclination  of  its  orbit,  to  that  of  its  priDiaiy, 
h  variable,  as  well  as  the  position  of  its  nodes. 

Third  Satellite.  Thb  satellite  haa  a  little  eccentricity,  and  the 
line  of  its  apsides  has  a  direct  but  variable  motion;  .theecBeatridty 
itself  is  also  subject  to  very  sensible  variations.  The  uidinatiou  of 
its  oibit  to  that  of  Ji^ker,  and  the  position  of  its  nodes,  ««  hx 
from  being  uniform. 

Fourth  Satellite.  The  ecoentiicity  of  this  ^satellite  is  greater 
than  that  of  any  of  the  other  tbree;  and  the  line  of  the  apsides  ftias 
an  annual  and  direct  motion  of  43^  ^8^,7*  The  inclination  of  its 
orbit,  with  the  plane  of  Jupiter's  orbit,  forms  au  engle  of  aboet 
^o  2^  49^ J  |,„t  thb  angle,  althougli  stationary  about  the  middle  of 
the  Uist  century,  has  lately  begun  to  increase  «ieiy  sensibly.  At  the 
same  time  the  motion  of  its  nodes  has  begun  to  diminish. 

The  motions  of  tbe  first  three  sateUites  are  related  to  each  other 
by  a  most  singular  analogy.    Eoi^  the  mean  sidereal  or  /lynodical 
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k  of  the  fint,  added  to  tMice  tbat  of  tlie  <liir<l,  b  conataotlv 
«)ttsl  la  IhfK  timet  the  mean  motion  of  tiie  Mconri.  And,  the 
metn  vdinti  or  sjinadicalloDgitude  of  tiw  first,  loioiu  ihiee  times 
thai  of. the  Mcottdi  plus  twice  IhM  of  the  lUiid,  b>  always  eqiui  to 
two  rigfat  aiiglM. 

TIm  MteUites  of  Jupiter  are  liable  to  be  eclipsed  by  passing 
thmtffe  Ui  ikwtow  ;  md,  un  the  other  bond,  they  are  frequentljr 
Men  to  pus  wet  lisdiali,  andedipMaportioDof  bis  surface.  Tbii 
happea*  to  the  first  and  second  satelUte,  at  every  reiolulioo  ;  the 
third  vtty  fsrely  escapes  in  each  revolution  ;  but  lie  fourth  (on  ac- 
roviii  of  ila  peat  dislimce  and  iadination)  is  seldom  obscured. 

Tbew  ectiptes  ai«  of  great  utility  in  enabling  us  to  detennlDC  the 
kngitticlc  of  places,  by  their  observation  ;  ami  tUty  Irkewbe  eihi- 
Iril  MOM  curious  pbmouieiia  uriib  respect  to  light. 

From  tlie  singular  analogy,  ahove  alluded  to,  it  follows  that  (for 
agrcal  number  of  years  at  leaM)  tlje  tint  three  satellites  caonot  be 
cclqued  at  the  same  time:  for  in  the  siinutiatieCillif  eclipses  of  the 
Mcoad  and  third,  the  first  will  always  be  in  conjunction  nitft 
JtfUtr,  and  vice  versd. 

SattUita  of  Salam. 
Seven  laleUiles  may  be  teen  by  means  of  the  telescope,  lo  revolve 
about  Salom ;  the  eleineuU  of  wlilch  are  but  little  known,  on  ac- 
CffiuH  of  tfaeir  great  distance.  The  followiog  Table  nill  show  the 
danUion  of  tfieir  sidereal  rerolutioit^  and  tbctr  mean  distioccs  in 
scmi-diameten  of  Saturn. 


Mow 

kicUitc 

DilUDCC. 

I. 

0'22'37'30",I 

0*94271 

3-08C 

II. 

1    «  S3  a  ,7 

1  37024 

3-95S 

lU. 

1  21  18  8S  ,9 

1  88730 

4-B9i 

IV. 

8  17  44  51  ,1 

2  73948 

6-26! 

¥. 

4  12  85  U  ,1 

4  51749 

8-751 

TI. 

15  22  41  13  ,9 

15  94530 

20-295 

VII. 

79    7  54  37  .4 

79  32960 

59-151 

The  orliiu  of  the  irM  six  satellites  appear  to  be  in  the  plane  «f 
SUiwB'i  img;  wtiilst  the  icTenlh  varies  from  it  vei;  scasibly.  . 
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Sai€Uiie$  ^  Urama. 

Six  tttelliffs  rerolTe  round  Uiuas;  whicb,  together  whb  their 
primiry,  cu  be  ditcovered  onl j  by  the  teleicope.  The  following 
TiMt  will  show  their  sidcmi  rerolatiom^  and  mean  distencet  in 
ftmi-ditmeters  of  the  prinmfy* 


Mean 

SuelliiB. 

Mcicd  Bcvolatiaa. 

DailUM. 

I. 

S*21»2S'20»,6 

5' 8926 

13120 

II. 

8  16  57  47  .5 

8  7068 

17-022 

III. 

10  23    3  59  .0 

10  9611 

19-845 

IV.       13  10  56  29  ,8 

13  4559 

22'752 

V.        38    I  48    0 .0 

38  0750 

45-507 

VI.      107  16  39  56  ,2 

407  6944 

91-008 

.  An  these  satellilet  move  io  a  plane  which  is  neady  peipendi* 
colar  to  the  pl^ne  of  the  planet's  orbit*  and  contraij  to  the  order 
ofthesigns!     ,^  . 

[PUL  Mag.} 


CHAP.  XVII. 

■ 

ON  THI  DISCOVERT  OV  THE  LAW  OF  UNIVERSAL 

GRAVITATION. 


Descartes  was  the  fint  who  endeavoured  to  reduce  the  no. 
tions  of  the  heavenlj  bodies  to  some  mechanical  principle.  He 
imagined  Tortioes  of  subtle  matter*  in  the  centre  of  which  he 
placed  these  bodies.  The  vortex  of  the  sun  forced  the  planet 
into  motion ;  that  of  the  planet/  in  the  same  manner*  forced  its 
satellite  to  levolve  round  it.  The  motion  of  comets  traversing 
the  heavens  in  all  direction^  destroyed  these  vortices,  as  they 
had  before  destroyed  the  solid  cr}'stalline  spheres  of  the  ancient 
astronomers.  Thus,  Descartes  was  no  happier  in  bis  mechani- 
cal* than  Ptolemy  in: his  astronomical  theory.  But  their  kboiirs 
have  not  been  useless  to  science.     Ptolemy  has  transmitted  to 
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m.  thnm^  fbaitccB  nMam*  of  igaontDce,  the  few  ostronoinicil 
Inilfa*  wtmh  tbe  mBcinilK  liad  dixovtnd.     Descatlet,  bom  it  a 
bicr  period,  and  ■!  a  time  *hen  bd  oiiinrMl  curiouty  wu  exciKd, 
«rh>ch  be  binwlf  bad  iocieatrd  by  (ub»liliiliu<;,  in  tli»  pliice  4  ~ 
Bticmtf  nrort,  otben  more  seducing,  &i>d  resting  <iu  tlie  autbiiril 
4f(  hit  fCMBctikat  discoverirf,  whs  euabkd  lo  dcilroy  the  ciupinii| 
«if  AricloUc  Bod  Plfllcniy,  whtcb  mighl  bave  itood  the  mtack  of  m  I 
■lOTC  aiefnl  pkilotopbcr;  but  by  e^ubliabiti-;  m  a  prijiciple.  lhat<d 
,'wc  tlKHtfal  begin  by  doDblin^  of  every  tbin^.  he  biuuelf  warned  uf 
"Ito  txaaume  bit  own  >y»tein  with  set^rily,  which  could  not  lon{^ 
,ieii>l  the  WW  ttulbs  ifaai  ««re  opposed  lo  it.     It  vm  trtenni  ftrl 
.?iewlou  lo  leacb  us  Ifae  general  principles  of  the  beaveitly  nioifom.1 
tfialnrr  not  noly  endowed  liini  with  a  profound  genius,  but  pint 
,Jm  eaitlrore  in  a  most  fortun4le  period.     Deicurln  had  cliangirt^ 
|lbe  liKc  of  the  malhemtitical  scivnce^,  by  tlie  application  of  aljtvbrs  1^ 
J»  tb«  Ibeory  of  curves  aud  variiible  functions.     The  geoaiulry  Af  4 
•  iaAaiirt,  of  whtcb  tbii  theory  contained  the  germ,  began  lo  appear  *_ 
innhous  places.     Wailis,  Wren,  und  tluygenst  bdd  devc1o|>ed  ihe* 
Umt  of  awlion ;  the  discoveties  ot  Galileo,  on  falling  bodies,  and 
of  Hoygms  on  evolutea  and  centrifugal  force,  led  In  the  theory  4f 
.netioa  in  ctirves;  Kepler  had  determined  those  described  by  ibc 
pUocU,  and  had  formed  a  reniole  conception  of  uiiivertal  graritli* 
,lioa ;  Bod  finally.  Hook  had  distinctly  perceived  that  Ifieir  luoijou 
««t  tbc  reitdl  of  a  projectile  force,  combined  nitfa  the  atlracliva  • 
forca  of    ihe  sun.      The  science  of  celestial   mechanics  wanledfl 
MlhiiiC  nkore  to  bring  it  lo  light,  but  the  genius  of  a  man,  who,  bj.l 
KeDcnlizing  Ikese  discoverieii,  should  be  capable  of  perceiving  (he  ' 
Uw  of  gravitatioti ;  it  is  this  which   Newton  accoinpli«hed  in  Ifis 
imnorul  work  on  the  Mathematical  Principles  nf  Natural  Ptiito- 
tophy-    Tbis  philosopher,  so  deservedly  celebrated,  was  born  at 
Wooiitrop.  in  Uncolnsbire,  towards  the  lader  end  of  the  year  l€iQ, 
Hw  Jtat  in  which  Galileo  died.     His  fint  success  in  hi)  early  stu- 
dies, aMMniQced  his  future  reputation;  a  cursory  perusal  of  «le- 
Dicntary  Iraoks,  was  suHicient  to  maki^  him  comprehend  them; 
Drat  read  Ihe  Geometry  of  Descartes,  the  Optics  of  Kepler,  aud  iftv  j 
Arithntetic  of  Intinites,  hy  Wallis,  but  soon  aspiring  lo  new  inveiiv. 
lion*,  be  was,  before  the  age  of  twenty-seven,  in  possession  of  bia 
BKtbod  of  fluxions,  and  his  llieoiy  of  liglit.    Anxious  fur  repute. 
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■ad  sfnte  to  Ktcnry  contnyveriy,  fat  dehycd  pabBdHiif  fab  Ak* 
cofcries.  Hii  fiktid  and  piwqitor.  Dr.  Baitow,  4xflrtod>hfanwlf 
fa  faii  ftvonr,  and  ofatuned  for  fafoi  tfae  litiMitiot  of  pw>fc»OT  of 
■ntfaeflntici  ui  tfae  unifcnily  of  Canbridgt;  k  was  daring  thb 
rniod,  tfaat,  jFicMiog  to  the  laqaett  of  Hallcy,  and  tfao  aoiidla. 
tHM'Of  the  Royal  Socirty,  he  pnblisfacd  his  Frmetpm.  The 
iiaivmitjf,  of  vfakfa  be  was  a  memfacr,  cboee  bnn  for  their -repie* 
oeatatifc  in  the  confentioiial  paiVameirt'of  1688,  and  for  that 
which  was  cuMftued  m  1701.  He  was  kaighled  and  afipoioted 
dheetor  of  the  mint  hj  Qoeen  Aane;  he  was  elected  firesidciit  of 
the  Rojd  Society  In  17OS,  which  dignity  he  etvoyod  till  his  death, 
ja  1737.  Daring  the  whole  of  fab  life  heobtakied  the  asost  dblia- 
goiifaed  oonsidenition,  and  the  nation  to  whose  glory  he  had  so 
aBoch  eohtribntcdy  decreed  him  at  hb  death  pablic  fbncnd  honooi*. 
In  lOBSf  Newton  ntired  into  tfae  oooatiyy  aad«  for  tho  first 
thnOf  directed  hb  thonghts  to  the  system  of  the  world*  IVe 
descent  of  hea^  bodiesi  which  appean  nearty  the  same  U  the 
aanunit  of  the  highest  mountains  »  at  the  Surfeee  of  the  eaitfa, 
suggested  to  him  the  idea,  that  gravity  mi^t  eatead  to  the  asooa^ 
and  thai  being  combined  with  some  miotion  of  projection,  it  might 
cause  it  to  describe  iU  diiptie  orbit  round  the  earth.  Ta  feriff 
thb  eoqjeclttre,  it  wm  necessary  to  Imow  the  law  of  the  diauaatioii 
€>f  grarity.  Newton  cmisidered,  tiiat  if  the  moon  was  retailed  fa 
its  orbit  by  the  gravity  of  the  earth,  the  planets  sboold  also  be  le- 
taioed  m  their  orbits  by  their  gravity  towaads  the  sua,  and  demon- 
strated  thb  by  tfae  Uw  of  the  arett  beug  proportioaal  to  the  times. 
Now  it  results  frmn  the  relation  of  the  squares  of  the  tunes  to  tfae 
cubes  of  the  greater  axb  of  their  orbits,  that  their  ceutrifugal  force, 
and  consequently  their  tendency  to  the  sun,  diminiihes  bversely  m 
tfae  squares  of  the  dbtanoes  from  thb  body.  Newton,  tberefote, 
transferred  to  the  earth  thb  faiw  of  tfae  dimhrotioo  of  tfae  fbtce  of 
gravity,  and  reasoning  from  the  eiperimenls  of  felluig  bodies,  he 
deteimined  the  height  which  the  moon,  abandoned  to  itself,  wonM 
fell  in  a  short  nitcrval  of  time,  llib  faeight  b  the  veised  sme  of 
the  arc  which  it  describes  m  tlie  same  interval;  and  thb  quantity 
the  lunar  paraUax  gives  in  parts  of  the  radius  of  tbe  earth,  so  that, 
to  compare  the  law  of  gravitation  with  observation,  it  was  neeesmry 
to  hn<Hv  the  magnitude  of  thb  ladius;  but  Newton  bawng,  at  that 
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timc.  M  cfraoeus  estimate  of  the  terrcBtrial  meridian,  obtained  a 
diflcrat  result  from  wbat  lie  expected ;  and  siMpecting  that  soinfc 
uakROND  fbite*  miited  themselves  with  Ihe  gravit;  of  the  mooii, 
ibaadaaed  bb  origioal  idea.     Some  yeam  alieriVBrils,  a  letter  from  ' 
Dr.Hook  induced  liiai  lo  investigate  the  nature  of  the  curve  ^\8^ 
Kribed  by  piojectilea  Ttmiid  the  centre  of  the  earth.     Picard  had 
ialcl;  frnislied  the  measure  of  a  degree  in  France,  and  Newton 
fuiiiMl,  b*  this  meaiure,  (hat  the  moon  was  retained  in  its  orbit  by 
4lie  force  of  gravity  alone,  supposed  lo  vary  inversely  as  the  square 
/of  tbc  distance.      By  this  law  he  found  that  bodies  in  their  faTl 
describe  eUipses,  of  which  the  centre  of  the  earth  occupies  one  of 
Ibcir  feci,  uid  Iben,  considering  that  the  planetary  orbits  are  like- 
wise elUpiei,  having  the  sun  in  one  of  their  foci,  fie  bad  the  salU- 
factton  lo  see,  that  tbe  solution  which  he  had  undertaken  from 
,  could  be  applied  to  the  greatest  objects  in  nature.     He 
J  tlie  several  propositions  relative  lo  tlie  elliptic  motions  of 
fhMtf,  and  Dr.  Halley  having  induced  him  to  publish  them,  he 
iWHiiiii  il  his  grand  work,  the  Principb,  whicb  appeared  iu  lOS/. 
3leae  details,  which  have  been  transmitted  lo  us  by  lib  friend  and 
GWrtempoTary  Dr.  Feniberton,  prove  that  this  great  pbllosopher  bad, 
M>  eati)  OS  1666.  discovered  tbe  principal  theorems  on  centtifug^il 
lorcc,  wbicb  Huygens  published  six  years  aflerwards,  at  the  end  of 
kt*  work  De  Horolo^  Osdllatorio:  for,  indeed  it  is  highly  pro- 
bable that  the  author  nf  the  method  of  fluxions,  who  seems  then  lo 
liavc  been  in  possession  of  il,  shotild  easily  have  discovered  these 
tbcomns.     Newton  arrived  at  the  law  of  tlie  diminution  of  gravity. 
by  ibc  idaltou  which  subsists  between  tbe  squares  of  llie  periodic 
titnct.  and  llxr  cubes  of  the  greater  axes  of  tlteir  orbits,  supposed 
drctilas.    He  dcmunitrated  that  this  relation  exists  hi  elliptic  orbits 
gcamUy.  and  that  it  indicates  an  equal  gravity  of  the  planets  to- 
wards ibe  ma,  lupponng  them  at  an  equal  distance  from  its  centre. 
Tbe  Mine  equality  of  gravity  towards  the  principal  plauei,  exists 
likewise  ill  all  the  systems  of  satellites,  and  Newton  verified  il  oo 
loTcaUial  bodies  by  very  accurate  experiments. 

Tliis  great  geometrician,  by  considering  Uiis  question  gcneralty. 
deuKKulnted  ibal  a  projectile  can  move  in  any  cooic-seetion  what- 
ever, id  consequcDce  of  a  force  directed  towards  its  centre,  and 
varying  reciprocally  as  the  square  of  Ihe  distances.  He  investigated 
Ibt  dificrenl  propetties  of  motion  in  Ibis  specks  of  curves;  lie  de- 
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tennmed  the  conditions  Teqnitite  for  the  eecticm  to  be  a  circte.  all 
dlque,  a  parabola,  or  an  hjrp^boia,  wliich  coaditioM  depend  en- 
tirely on  the  velocity  and  primitive  portion  of  the  body- 
Any  ▼elodty,  position,  and  initial  direction  of  a  body  bein^ 
gifen,  Newton  assigned  the  conic  SMtion  which  the  body  should 
describe,  and  in  which  it  ought  consequently  to  move,  which  repels 
the  reproach  which  John  Bernouilli  applied  to  him  of  not  having 
demonstrated,  that  the  conic  sections  are  the  only  curves  which  a 
body,  solicited  by  a  force  var]fuig  reciprocally  as  the  squares  of  the 
distance,  can  describe.  These,  investigations,  applied  to  the  motion 
of  comets,  informed  him  that  tiiese  bodies  move  round  the  sun, 
according  to  the  same  laws  as  the  plsnets,  with  the  diiferenee  only 
of  their  ellipses  being  very  ccoentik ;  and  he  gave  the  means  of 
determining  by  observation,  the  elements  of  theM  ellipses. 

He  learned  from  the  oonipafiseii  of  the  distance  and  duration  of 
the  revolutions  of  satellites^  with  those  of  the  planets,  the  respec- 
tive densities  and  masses  of  the  suh.and  of  pbnets  accompanied  by 
satellites,  and  the  intensity  of  the  force  of  gravity  at  their  surfiiee.' 
By  con^dderingihat  the  satellites  move  round  their  planets  veiy 
nearly,  as  if  the  planets  were  immovable,  he  discovered  that  idl 
these  bodies  obey  the  same  force  of  gmvity  towards  the  sup. 

The  equality  of  action  and  reaction,  did  not  permit  him  to 
doubt,  that  the  sun  gravitated  towards  the  planets,  and  these  to- 
wards their  satellites  j  and  eveu  that  the  earth  is  attracted  by  all 
the  bodies  that  rest  upon  it.  He  extended  this  proposition  aftei^ 
wards  by  analogy,  to  all  the  celestial  bodies,  and  established  as  a 
principle,  thai  all  particles  of,  maiter  aiiract  each  oiker  dkecify  as 
thiir  mass,  and  inversely  as  the  square  of  ihdr  distance. 

Arrived  at  this  principle,  Newtou  saw  that  the  great  phaenomena 
of  the  system  of  the  world  might  be  deduced  from  it  By  consi- 
dering gravity  at  the  surfoces  of  the  celestial  bodies,  as  the  result 
of  the  attractions  of  all  their  particles,  he  ascertained  these  remark* 
able  truths,  that  the  attracting  force  of  a  body,  or  of  a  spherical 
stratum,  on  a  point  placed  without  it,  is  the  same  as  if  its  mass  was 
compressed  into  its  centre ;  and  that  a  point  placed  within  a  sphe- 
rical stratum,  or  generally  any  stratum  terminated  by  two  elliptic 
surfaces,  similar  and  similarly  situated,  is  equally  attracted  on  every 
side. 
He  proved  that  the  motion  of  rotation  of  the  eartl^  ought  to 
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hi*c  SiHtRnl  it  ni  the  dirccfion  at  the  poles,  and  be  detenniDKl 
tbc  law  «f  Ibc  mtaiion  of  (he  degree*  ud  of  gniTily,  luppoting  it 


H«M«  tlHt  Ihr  acIioD  i>f  ihe  sun  aad  moon  od  ibe  terreitrUl 
apbcnid  ooght  b>  piodiice  a  motion  iii  ils  am  o(  ralatiOD.  (o  makt 
lite  tifM»\ti  rdrogrmlf.  to  drvare  the  walen  of  Ibe  oc«aD,  and 
til  prodiKc  Id  (hi*  great  fluid  maM  ihc  uscillatiaos  wfatcb  arc  ob> 
served  omIct  the  uame  of  tidei- 

Lxillj,  he  was  conviaccd  tlimt  tlte  luuar  irregiilaritici  were  pro*' 
ddccd  b)  ttie  combined  action  of  ibc  sun  and  earlh  on  lliissiilellilr. 
Bui  «itb  Ibe  exception  of  Hliat  coucems  ibe  elliptic  motion  of  tlie 
pUartt  and  coroeu,  ibe  aliracltun  of  «pbciical  budiei,  and  lli«  io- 
Icmiiy  uf  gnvily  at  the  surface  of  the  sun,  aud  of  thow  planet* 
Ibal  iiic  accompanied  by  tutelliles,  all  these  discoverie)  were  only 
skeUtied  by  Newlon.  Hts  theory  of  the  form  of  the  planeti  is 
Ipttilcd  by  liie  Mippositioo  of  ttieir  homugcuity ;  his  solution  of  tbe 
pniUeiD  of  the  precession  of  (be  equinoxen,  lliougb  very  ingeiiioui, 
i^  Mtaitiiatuidiug  the  apparent  ngrvemeut  of  bis  result  witb  otf 
mralioo,  in  tniuiy  tespccti  defective ;  in  the  gtrai  number  of  Ibc 
fKrbirtnlions  of  the  celrituil  motions,  be  bus  only  considered  those 
of  the  lunar  motion,  of  nfaicb  the  most  considerable,  Ihe  eveciioD, 
hu  escaped  hts  investigation.  He  bas  ]>erfeclly  esUblished  tbe 
cudtiKe  of  the  principle  wbicb  be  discovered,  but  the  develop* 
mcul  of  ib  consequences  and  its  advantages,  has  been  tbe  work  of 
ibc  turccMon  uf  tliia  great  geometer.  The  state  of  iraperfeclion 
ID  wbicJi  the  uibuiUsDuil  calcolus  must  have  been  in  the  bands  of  ill 
nmnlor,  did  nul  permit  him  lu  tvsolve  completely  tbe  difficult  pro- 
bic(B>  whicb  ihe  llieory  of  the  system  of  the  world  presenis ;  and 
be  wat  oflcu  obliged  to  give  coiijeclures.  uncertain  till  tbey  have 
beet)  MBoe  verified  by  a  rigorous  calculation.  Notwithstanding 
these  ioe^'itable  defecls,  the  miporlauce  aud  etlent  of  his  diicove- 
riet,  Ibe  great  number  of  original  and  profound  ronc«ptious,  which 
have  btrn  the  germ  of  tbe  moil  brilliant  theories  of  the  geometers 
of  ibc  prescut  limes,  and  arnuged  with  much  elegance,  insures  to  bis 
Primdpia  a  pre-eminence  over  all  other  productions  of  human  in- 
itUecl. 

lie  case  b  not  the  same  with  the  sciences  as  with  literature:  ibe 
IM  bis  limits  tvliicli  a  man  of  genius  may  reach  when  be  employs  a 


A 


1S^  UHV  nv  vjnyJLRMh  6ftAviTA¥)6i^. ' 


fmNiiiit  to  pcrfectioo ;  be  h  md  irilb  fke  same  interest 
ia  all  ages;  wtd  tiou  only  adds  to  bb  lapntaiioii  by  tbe  Tain  rflbitt 
of  those  wbo  tiy  to  imitate  him. 

The  soenees,  oo  the  contnnry^  unbounded  like  nature  herself,  ni« 
crcaie  infinilelj  by  the  labonn  of  successfyc  generations  the  most 
llerfect  vosk;  by  raising  tbem  to  a  height  firon  which  tbey  can 
never  again  descoid,  they  give  birth  to  new  discoveries  whicb  pio« 
duce  in  their  turn  new  works  which  cfiiMe  the  former  firom  whidi 
tkoy  originaled.  Otbeitwfllpicaent  in  a  point  of  view  more  gene- 
nland  mom  simple,  the  theorieB  described  in  the  Prhu^da,  and 
d  tbe  tmtha  which  it  has  disptayM;  but  the  Pmeipia  will  stil! 
tcwiain  an  eternal  monuaient  of  the  proAmdity  of  that  genius  which 
baa  oofeUed  to  us  the  gvratest  law  of  the  universe. 

This  work  and  the  eqnaHy  orignwl  treatise  by  the  same  author 
OA  0pik$9  have  still  the  merit  of  l>emg  the  best  models  which  he 
pinposed  in  tbe  sciences,  and  in  tbe  deKeate  art  of  making  experi* 
naats  and  submitting  tbem  to  calculation.  We  here  see  the  most 
beantifid  applicatioas  of  the  method  which  consists  m  tracmg  the 
principai  pfasnomena  to  their  causes  by  a  succession  of  inductionsy 
and  aftcfwnnb  of  redesccnding  firoai  these  causes,  to  all  the  detaib- 
of  the  pbssoonsena. 

Oeneial  laws  are  impressed  m  all  mdivklnal  cases,  but  they  afu' 
complicated  with  so  many  extraneous  circumstances  that  the 
greatest  addrem  is  often  necessary  to  develop  tbem.  The  phmo* 
mena  most  proper  far  this  object  most  be  chosen,  tbey  most  be 
multiplied  that  the  attendant  circumstances  may  he  varied,  and 
that  whatever  they  have  m  common  may  be  observed. 

We  thus  ascend  successively  to  relations  more  and  more  extendi^ 
ed»  and  we  arrive  at  length  at  general  hiws,  which  are  verified  either 
by  proofs  or  by  direct  experiment,  if  that  is  possible,  or  by  examm- 
ing  if  tbey  satisfy  all  tbe  known  phmoomena. 

This  b  the  most  certain  method  by  which  we  can  be  guided  m 
the  search  of  truth.  No  philosopher  has  adhered  more  faithfully 
to  this  method  than  Newton ;  it  conducted  hhn  to  hb  discoveries 
in  analysb,  and  it  led  him  to  the  principle  of  universal  gravitation; 
and  to  the  properties  of  light.  Other  philosophers  in  England,  oo^ 
temporaries  of  Newton,  adopted  it  by  bb  example,  and  it  was  tbe 
base  of  a.gireat  nuosbcr  of  excellent  woriw  which  then  appeared. 
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I         Tbc  philowphen  of  antiquity  following  a  coDtnirv  pnlh. 

[     considenng  thcrm«lvM  as  at  the  source   of  every  thing,  iisagined   . 
gvneral  csiuei  to  cxpUio  ih«iD. 

Tbeir  awtliM),  wliich  was  only  productive  of  vain  systems,  bidt  I 
iHtl  greater  micccss  in  the  hands  of  Descurles,     In  tlie  time  of  Neir< 
Inn,  Leibnitz,  Malebranche  and  olheT  philosophers,  employed  jt  J 
with  m»  link  advantage. 

Al  length  tbe  rautility  of  th«  hypotheMi,  to  which  it  led  j 
follower*,  ind  the  progress  for  which  the  icieucei  arc  indebted  laij 
Ibt  BCthod  of  inductions,  has  brought  back  all  philosophers  to  tbn*  J 
ImI  procen,  which  Bucon  eitiibiished  with  all  the  force  of  re 
doqiience,  and  which  NewluQ  yet  more  strongly  recommended  b^  J 


It  n  by  means  of  (ynlliesis  that  this  great  geometer  has  explal 
cd  bis  theory  of  the  system  of  the  world.  Il  appears,  howcv«v-i 
llMt  ke  found  the  greater  part  of  his  theorems  by  aoBlysis,  tbtfJ 
bflHli  of  which  he  has  considemhly  exlended,  and  to  which  W  1 
•Ilowt  bunself  to  have  owed  his  general  results  nn  the  quadraturw  J 
of  ramp*.  '  A 

Rul  Jiii  great  predilection  fur  synthesis,  and  his  esteem  for  tb*  J 
gtotattxy  if  the  ancients,  has  induced  bira  to  represent  his  theod  J 
ivMs  aad  ev^n  his  method  of  fluxions,  under  a  synthetic  funal  1 
And  it  U  evident  by  the  rules  and  examples  which  he  has  givei 
IhcM  Itansfo  rota  lions  in  many  works,  how  much  importance  b*  / 
BOMcbed  U>  it.  We  may  regtel  with  the  geometers  of  his  lin^  j' 
linl  be  hu  not  followed  in  the  exposition  of  his  discoveries,  lb*  ' 
palk  by  which  he  arrived  al  them ;  and  that  be  has  suppressed  tlrf  J 
dcdxMtstrtlion  of  many  results,  such  as  tbe  equation  of  llw  solht  J 
of  least  iMutance,  preferring  the  pleasure  of  leaving  it  to  be  diviiie(|  2 
to  dial  of  enlis;htcning  bis  readers. 

The  luMwledge  of  the  n:ethod  which  has  guided  a  man  of  grniotf  J 
it  not  less  serviceable  to  the  progress  of  the  sciences,  and  even  to 
Uauwn  glory,  than  his  discoveriei;  and  the  principal  advantage 
•hidi  has  been  derived  from  the  famous  dispute  between  NewloH 
nd  Lieib«ula,  conctroing  ihe  inventinn  of  tlie  inlinilesmal  cakului, 
faw  been  to  make  known  the  path  of  these  two  great  men,  in  ttwir 
fint  Mulylical  lahoun. 

Tbe  preference  of  Newton  for  the  synthetical  method,  insy  be 
'  >.  elegance  with  which  he  cowtecleil  bi«  theory  of 
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ciiryiliiiMr  motioiif  with  the  inveitigations  of  the  anckotf  on  the  oooic 
MctioDf,  and  the  beautiful  discoveries  which  Huygens  had  published 
according  to  this  method.  Geometrical  synthesis  has  besides  the 
property  of  never  losing  sight  of  its  object,  and  of  enlighteuhig 
tlie  whole  path  which  leads  from  the  first  asioms  to  their  last  con* 
sequences*  while  algebraic  analysts  soon  makes  uit  forget  the  priiici* 
pal  object,  to  occupy  ourselves  with  abstract  combinations,  and  only 
brings  us  back  to  it  at  the  end.  But  in  thus  quitting  the  object  of 
investigation*  after  having  assumed  what  is  indispensably  necessary 
to  arrive  at  the  required  result,  by  directing  all  our  attention  to  the 
operations  of  analysbf,  and  reserving  all  our  forces  to  overcome  the 
difficulties  which  present  themselves,  we  are  conducted  by  the 
universality  of  this  method, — by  the  inestimable  advantage  of  thus 
txaiisferring  the  train  of  reasoning  in  mechanical  questious,—- to  re- 
sults oAen  inaccessible  to  syntliesis.  The  theory  of  the  system  of 
the  world  ofiers  a  great  number  of  examples  of  this  power  of  aaap 
lysb  which  give  it  a  degree  of  perfection  it  would  never  have  ac- 
quired  bad  no  other  path  been  followed  than  that  traced  by  New* 
ton.  Such  is  the  fecundity  of  analysis,  that  if  we  translate  particular 
truths  into  this  universal  languagei  we  shall  find  a  nnmber  of  new 
and  unexpected  truths  arise  merely  from  the  fonn  of  expressiom 
No  language  is  so  susceptible  of  the  elegance  which  arises  from  tbe 
development  of  a  long  train  of  expressions  connected  with  each 
other*  and  all  flowing  from  the  same  fundamental  idea.  Ana* 
lysb  unites  to  all  these  advantages  that  of  being  ever  able  to  con- 
duct us  to  the  most  simple  methods.  Nothing  more  is  requisite 
than  to  apply  it  in  a  convenient  nuumer  by  a  judicious  choice  of 
miknown  quantities*  and  by  giving  to  the  results  the  form  most 
easily  reducible  to  geometrical  construction,  or  to  numerical  calcu- 
lation. The  geometricians  of  the  present  century*  convinced  of  its 
superiority,  have  peculiarly  applied  themselves  to  extend  its  do- 
main, and  enlarge  its  boundaries. 

Geometrical  considerations,  however,  ought  not  to  be  abandon* 
ed ;  they  are  of  the  greatest  utility  in  the  arts.  Besides  which  it  b 
curious  to  unagine  the  different  results  of  analysb  represented  in 
space;  and  reciprocally*  to  read  all  the  affections  of  Imes  and 
surfaces,  and  all  the  variations  in  the  motions  of  bodies,  in  tbe 
equations  which  express  them.  Thb  approximation  of  geometry 
and  analysis,  diffuses  a  new  light  over  the  sciences;  the  intellectual 
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Qpetaliomof  Ifae  laller.  niiOeTed  perceptible  by  tlie  images  of  ili« 
former,  arc  more  easy  to  conipteliend,  and   raofe  interestioj;  to 
pursue;  uid  nben  observatioii  reulins  these  linages,  and  traii»-   , 
forms  tbne  geoiuelrical  residts  inio  laws  of  nalure,  aud  wlwii  both, 
cmlinicioi;  llie  wliole  universe,  display  to  our  coiitcmplatioD  its  pre*  ^ 
tent  lod  future  tlitte,  the  view  of  so  sublime  a  spectacle,  preienU  ' 
lo  lu  one  of  liie  most  noble  pleasures  that  have  been  kept  in . 
nservt  for  mankind. 

Nearly  fifty  years  liavc  now  pas«d  away  since  iho  discovery  t 
Ibe  lbe<>ry  of  gravitation,  wlthnul  any  remarkable  addition  to  ii 
AH  thia  time  has  been  necessary  to  render  so  ^a(  a  trutli  gmeralljl'l 
■sdvTstood,  ami  lo  lumiount  the  obstacles  opposed  to  it  by  th^' 
natem  of  vortices,  and  thcaulliurlty  i)f  geomt-lricianscontemporarf 
MMi  Newton,  who  cbnibatt<?d  it  perha|is  from  vmuivi  but  wh*' 
Ikvertbelcss  accelerated  its  [irogress  by  lUi-ir  labours  on  mfinitesmali* 
andyw.  '  .  ■  ■■  'V 

At  length  mironomcrs  have  conceived  tin   li>nimNtc   ktea  of> 

Klhis  analysis  lo  the  cclc&lial  motkin*  by  reducing  them  UA  i 
ll  cquatioDs,  which  itiey  have  rigoroDsK  integrated,  or  b^  1 
^  iqiproxiinattoii.    They  have  -thus  explained  by  the  law 
nion  all  the  known  |ihxnonteua  of  the  mtem  of  tlie  vrorj^fi' 
given  an  unhoped  for  precision  tu  aiilroiioinicul  tablet.   ilC^  i 
necessary,  for  this  object,  to  briin;  to  {terfectioo  ut.  oncer  ] 
1,  optics,  and  analyiii,  which  principally  owe  tbeir  rBpi4{ 
to  their  being  necesiarj  (o  Ilie  purpoHcs  of  pbysicol] 
■atranoaij.     It  might  be  rendered  yet  more  correct  and  simple,  but> 
posterity  irill  no  doubt  see  willi  gratitude  that  tlie  gcomelera  of  the 
present  centory  have  transmitted  no  astronomical  phenomenon  oT 
which  tbey  kave  not  determined  the  cuum  and  the  law.  I 

Justiec  to  France  requires  us  to  obtcrre.  that  if  England  have  In^ 
the  Mfvaniage  of  gJvhig  birth  to  the  discovery  of  univeruU  graviU'i 
tton,  [I  is  principally  lo  the  French  geMnetent,  and  to  the  paironagei 
•f  tl*e  Academy  of  Sciences,  that  we  are  indebted  fur  uumeioua' 
dmlapnicnli  of  this  discovery^  and  the  levoliiliou  which  it  liat  pr*n 
dacwl  in  a^irouomv,  ■    j 

{La  Placf,  S^ilme  Ju  Moadr.)  i 
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CHAP.  XVIII. 

•BS^RVATION 8  ON  THE  PLANBT  VENUS, 
BT  DB.HBESCHBL. 


JL  HE  planet  Veons  k  aa  olvcct  thai  hasloqg  cogi^ged  my  partkohr 
attcotioii*  A  aeaet  af  observatioiis  od  it,  which  I  began  in  April 
1777.  baa  been  cootiBiicd  down  to  the  preaent  timcw  Myfintview, 
when  I  engaged  in  the  ponuit,  was  to  ascertain  the  cUunal  rolatioii 
of  this  plapc^  whichj  from  the  contndictorf  aceounts  of  Caariot 
and  Binocfaini,  the  fbnner  of  which  states  it  at  83  boors  wbila  the 
latter  mahes  it  24  dajf%  appeared  to  remain  unknown,  as  to  itB.renl 
dnratiaBi:  ibr  the  observations  of  these  gentlemen,  how  wid^j  dif« 
iannl  aorf«r  with  reprd  to  tinie»  can  kofe  no  double  hot  th|A  ^if^ 
planet  ^etnnll j  has  a  aMition  on  its  axis, 

.  The  neat  ol^iect  was  the  atmoqibera  of  Venus;  of  the  eai^tmioak 
of  Much  aiaa^  after  a  few  months  obsenrations^  I  could  not  e^itetH 
tab  the  least  doubt.  The  intestigatioa  of  the  real  djam^^fff  wn% 
the  3d  oli^t  I  had  in  new.  To  which  may  be  added,  m  tht  hit 
plaqe,  an  attention  to  the  construction  of  the  planet,  with  regard  tp^ 
phrnianept.  appcaganres ;  such  as  might  be  occanooed  by^  or-asqib- 
cd  to,  seaiy  oontinents,  or  mountains. 

The  resolt.of  niy  obnervatians  would  have  been.  omnimiBifaUd 
leng.ago»  if  I  hnd  not  lUn  flattemd.nqrielf  wjth  thie  b^ifi^.oC  somm 
better  success  concerning  the  diurnal  motion  of  Venus;  whac^  qii 
account  of  the  density  of  the  atmoaphr  re  of  this  pianet>  has  atill 
eluded  my  constant  attentaeo,  as  fiur  as  concerns  its  peitpd!  niMl  ds- 
rectioo.  Enn  at  this,  present  time  I  should  bfaiitate  to  gifp  tbf^ 
fbttowing  extndt  firom  my  journals  if  it  did  not  seem  inynifflieiyfc 
on  HM  to  examine  by  what  accident  I  came  to  overloolii  amnntajna 
in  this  planet,  which  are  said  to  be  of  such  enarmpiis  hevM>:as  te^ 
exceed  4»  5,  and  even  S.thnes.tbe  perpendicuUr  elevation  of  Cim- 
borafo,  the  highest  of  our  mountains*! 

The  same  paper,  which  contains  the  lines  I  have  quoted,  gives  a» 

*  See  PULThms.  for  \'t9if  part  2,  page  SS7. 
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ay  extnordimr^  accouots,  erfuatlv  tvonderful :  (bch  aa 
htBli  of  the  TOMas  and  tiogubr  pmpertjM  of  ihv  Btmoefilterr  ctf' 
Salwn  *,  A  rnggeil  niar<;in  iii  Vmus,  reiwmJ>|iiiK  Ibe  unevMr 
bwriif  oT  tfw  moon,  as  it  npiwars  to  a  pnw«r  niu|tAir\ili|;  from  t  to 
4  f.  One  cu^p  of  Venus  !ip[>cHnii<;  poiiild,  anil  ttw  other  blutitj 
»*iag  (« the  ihadow  of  toiiMinouiimiiit-  Fkh  $)4iprfcal  Ibrmf  cea> 
ipicuoiH  <in  Saliirnt.  All  nhicli  boing  thin^  of  which  I  liave  nevtr 
tskcB  aiy  notice,  it  h 111  nol  be  Bmi<:«  tn  show,  by  what  foHtmi,  ihiit 
nrillKr  want  of  atleDtioii,  nor  a  deficieiicv  of  Mtruinrnl*.  eoulit  M^ 
(Winn  nv  nnt  perceiving  ihi-se  mouiiUiDs  of  nraiv  llmn  £3  mile*  ia 
beighlH;  ibiijaggwl  bonteraf  Ventu;  asd ihex tim NphcncHl  fornri 
oa  Saturn. 

loitenl  villi  regard  to  Siitiim,  I  caooot  htsilatea  single  momcDt 
to  tvf,  thai  hid  any  such  thing*  ns  ftaS  sphtjiital!  foKiw  pidsied,  they 
onld  BOf  possibly  have  escMped  my  notice,  iti  Ihe  tttiinberiess  obiCT* 
iiHhiij  trilli  7.  10,  20,  ami  lO-licl  refleclors,  which  I  have  so  often 
liincted  to  that  plntict.  Ifcnvever,  if  the  geitlleinun  who  lits  wen 
the  ■MunlHiiis  in  Vemis^  Ims  made  obsCTTations  on  fiat  spherical 
fcrat  on  Satnrn,  it  is  to  he  re|;(e)ted  Ihirt  he  )ki9  not  attended  I« 
Ike  revoluiron  of  tbi»  planel  on  its  axti,  which  could  not  remain  aft 
kwm  mfcnowii  to  him  when  he  sow  tlrese  fonn«.  Last  nigbl,  Ma) 
31,  1798,  for  iiMlttnce,  I  saw  wvo  snnit  dark  spots  on  Jupiter;  [ 
•hall  imM  call  them  4al  spliprical  fomft,  beFau«e  their  flatness,  as  wetl 
■1  tb«f  ipliericily,  miisl  be  liypolhetical  )  uideed  these  two  Tcmn 
MemioBie  to  contradict  each  other.  The#  wert  evhlently  re- 
BMi*«di  m  less  Hian  an  lioiir,  in  such  a  'manner  as  lo  point  out,  very 
■Mlljh  Ihe  directioD  and  quantity  ot  llie  illation  of  litis  planet, 

Bdbt«  1  remark  on  the  rest  of  the  extnsordiitary  n^ations  afton- 
MBBliaiN^.  I  will  give  a  short  extract  of  my  obseTraiioiisdn  Vemn. 
wilft  Mseli  Adncliom  as  it  seenrs  to  me  that  we  are  ffuttaortted  to 
make  fnna  lbein.T    bus, 

April  17.  1777,  the  disk  of  Venus  waae««edinjtly  well  dcfiiied, 

"  See  PliU.  Trou.  for  1798.  (uu-l  3,  page  309. 
*■  Ibidni,  ptfeSIO. 
t  t-  nt. 

|1Whcl8hlofChlnlM>-rB«o,  acconKnc  tn  Mr.  Conitamioi-,  it  3Rm  ftrtmti 
Wmi  a*4  Ibe  Eagruli  nilr,  by  Mr.  Oe  lAlande,  ■■«wurrs  830 .  If  Ibenquv 
Wniia  Veniu  eicfcd  Cluuiibe-rii(t»<>i  limit  iu  pcrj«iidkul«  ctcvsUon,  ihey 
Xbl  bcDKire  ttiaa  93  milci  in  hnghl. 
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t,  and  bright,  but  no  tpot  was  vbible  by  which  I  coald  judge. 
ofhcrdiDrml  motkmr  /The same  telescope  ahowaihe  spots  od  Mars 
OLtremely  well.    74ttt  reflector.    . 

«  April  26, 1777.    The  disk  well  defiued,  and  bright,  but  no  spot 
lO-fttrt  reflector* 

I  la  th^  aiiiiAer  Dr.  H.  sets  down  a  nnmber  of  similar  observations ; 
whence  he  infers,  that  Venus  has  a  motion  on  an  axis ;  and  that  she 
han.an  atmospheie  he  conuders  erident,  from  the  chaogts  he  look 
nnlite.of,  which  could  not  be  on  the  solid  body  of  .the  planet. 
rl  Then  fellow  many  other  observations  on  the  same,  with  some  oq 
the.  diameter  of  Venus.   After  all.  Dr.  H.  adds,  a  Tcry  few  evidenl 
results  may  be  drawn  from  the  foregoing  observations. 
.'   With:  regard  to  the  rotation  of  Venus  On  an  axis,  it  appears  that 
we:  may*  be  assured  of  this  planet's  baring  a  diurnal  motion,  and 
ibo>ug|v  the  real.time.of  it  is  still sulyect  to  conriderable  doabt|»  it 
fiwa  hardly  be  so  slow  as  34  days.    Its  direction,  or  rather  thtpoai- 
Jlion  of  the  axi»of  Venus,  is  involved  m  still  greater  uncertainty. 
]  .The  atmosphere  of  Venus  is  probably  very  considerable ;  which 
appears  not  only  from  the  changes  that  have  been  observed  in  the 
feint  spots  on  its  surface,  but  may  also  be  inferred  from  the  iilumi? 
natbn  of  the  cusps,  when  this  planet  is  near  its  inferior  coi\iaBction| 
where  the  enlightened  ends  of  the  homs  reach  fer  beyond  •  send- 
.circle.    I  must  here  take  notice,  that  the  author  we  have,  before 
.^luoled  on  this  subject,  has  the  merit  of  being  the  first  who  has 
pointed  out  this  inference,  hot  be  has  overiooked  the  penumbra 
ariring  from  the  diameter  of  the  sun ;  which  has  certainly,  a  consi- 
derable share  in  the  effect  of  the  extended  illumination,  and  in  hir 
angle  of  15*"  igf  will  amount  to  more  than  i""  li'  47^'^    His  mea- 
.sures  are  also  defective ;  as  probably  the  nurror  of  his  7-feet  jreflcc* 
<lor,  which  was  a  very  excellent  one»  was  by  that  time  considerably 
tarnished,  and  had  lost  mnch  of  the  light  necessary  to  show  .the  ex- 
,lettt  of  the  cusps  in  their  full  brilliancy. 

•  1  do  not  give  the  calculations  I  have  made  of  the  extent  of  the 
twilight  of  Venus,  because  my  measures  were  not  so  satisfectory  to 
myself  as  I  wish  them  to  he;  nor  so  near  the  conjunction  as  we  may 
hereafter  obtaui  them ;  neither  were  they  sufficiently  repeated.  My 
computations,  however,  when  compared  to  those  given  in  tlie  piper 
on  the  atmosphere  of  Venus,  show  sufficiently  that  it  is  of  inndi 
greater  extent,  or  lefiactive  power,  tiian  has  been  computed  in  that 
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uper.  Thaw  calculations  indeed  are  m  full  of  iuaccuntciM,  thai  it 
Vould  be  necmari  to  i>o  ovor  them  again,  In  onjrr  to  compare  llieni 
•victh  with  m;  own,  for  which  at  present  there  it  nu  leisure. 

I  Dnght  abo  to  take  notice  here,  that  the  same  author,  it 
^  (alien  measures  of  the  horns  of  Venus  hy  an  instrument  which, 
TQ  his  pubticatioiw,  lie  calls  a  projection  talile,  and  describe*  as  Ills 
own ;  of  vrliidi  however.  Ilio^  who  do  not  know  its  construction 
may  have  a  very  perfect  idea,  when  Dieyread  the  description  of  my 
lamp.  disk,  and  peripbcry-niicroraeters,  joined  to  what  I  have  inea- 
liooed  above,  of  uiing  the  disk  niicrotneter  without  lamps  when 
(lay-light  is  sufficiently  strong  ;  nr  e%-cn  with  an  illumination  in  front, 
where  the  object  is  bright  enough  to  allow  of  it,  such  as  the  laoon, 
Ite.  I  mnember  drawiug  the  picture  of  a  cottage  by  it,  ia  the 
vcar  I77S,  which  was  at  threror  four  miles  distance ;  and  goiug 
aAentards  to  compare  the  parts  willi  the  building,  found  them  very 
JMllj  delineated. 

1  bave  also  many  times  had  (lie  hotinur  of  showing  my  ^enda  the 
Mcancy  of  the  method  of  applying  one  eye  to  tl>e  telescope,  attd 
At  olher  to  the  projected  picture  of  the  abject  in  view  :  by  desiring 
ihoB  to  make  two  poinis,  with  a  pin,  on  a  card  tixed  up  at  a  con- 
vcsieal  place,  where  it  might  be  viewed  in  my  telescope  ;  and  tilifl 
braig  done,  I  took  the  distance  of  these  points  from  the  picture  I 
saw  projecled,  in  a  poir  of  proportional  compasses,  one  side  of 
w  hich  was  lo  the  oilier  as  the  distance  of  the  object,  divided  by  the 
diatance  of  the  image,  to  the  riiagiiifying  power  of  the  telescope  ; 
■od  giving  the  compare)  to  mj  friend^,'  thev  generally  found  that 
lb«  proportioniil  ends' of  them  exuclly  fitted  the  points  1  hey  had 
nude  mo  (lie  card, '  '  All  Which  e^iperimenls  are  only  so  many  diSet- 
rat  ways  of  using  the  lamp-micrbhteter. 

As  to  tbe  mountains  in  Venus','  I  may  venture  to  say  Ihai  no  eye, 
whieli  is  not  considerably  belter  thau  mine,  or  assisted  by  much 
twilcr  instruments,  wi  t  ever  (;el  a  sight  of  them  ;  Ihougli  from  the 
Mnlog;  (bat  obtains  between  the  only  two  planetary  globes  we  can 
conparr,  (the  mooti  and  the  earth)  there  is  little  doubt  but  thU 
this  pknrl  also  has  inequalities  on  its  surface,  which  may  be,  fur 
■  «bal  ve  can  say  to  the  contrary,  very  considerable. 
.  Tb«  renl  diameter  of  Venus,  I  should  think,  may  he  inferred  with 
gn»t  oontidence,  from  the  measures  1  look  with  the  l«enly-teet 
ia  the  morning  of  the  34tb  of  MoVember,  1791 :  "bicb, 
US 
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Whm  |«490f4tft.  tip.  mm^  4isNnpfl  lof  the  cirtb,  gifft  iS\f9  <bf 
|fc«  iipfiw^at  ^liiliKMr  9f  Mm^  R^9^.  This  itsiilt  is  rather  raiiack? 
able,  vs  H  iceuM  to  proM:  Miftt  Veoup  is  .a  little  Ifirger  than  the  earthy 
JRStiad  of  htiBf  a  littlr.less  as  has  heeo  supp^Md^  yet,  on  the 
fUoa«l'Sanitiay»  I  capaol  find  frfilt  wi|h  the.  measures.  The  plaoal 
aras  put  kwtweeq  the. two  wiies  of  the  nucrqiiiciterj  which  were  oat^ 
wmtd  laa||eats;  and  they  were,  after  each  measure,  shot  so  as  tp 
with  the  same  edge,  and  io  |be  saipe  place  where  the  planet 
■WMured.  lo  this  situatioa  tiie  proper  deductioa,  for  not 
ceotnl  taeasufffSk  was  pointed  out  by  the  mdex  phite.  The 
iBBMita  of  the  afith  weie  eorrected  for  a  small  concavity  of  the  wirei» 
lahioh  beipg  ptetty  thick  aod  stubboni,  were  not  stiaioed  sufliciently 
te  DMike  thev  quite  straight,  thf  amount  of  whidi  was  also  ascer- 
taiocd  by  ai^  eiapiioation  of  the  division  where  the  wires  etosad  at 
At  enda»  aud  where  they  closed  ip  tl^  ceuf re.  The  zero  was»  with 
equal  precaution,  referred  to  a  point  at  an  equal  distance  fiom  the 
MDtact  of  the  wires  on,  e^ch  side  .for  they  are  at  liberty  U>  piss 
•war  ench  other,  without  occasioning  any  derangenieot.  The  shaken 
or  pby^  of  the  tciew  i|i  leaa  than  thvea4fnths  of  a  divisi^o*  The 
two  planel%  hontvfaff*  are  so  nearly  of  an  equal  am,  that  it  vooM 
be-necessafy  to  rcf>ea(  aav  measures  eyf  the  diamelier  of  Veuni^  in 
the  most  favonrable  di^umstnneas,  lyad  with  miarooieters  adjuittl 
to  the  utmost  degree  of  pRcisiM^  to  decide  with  perfect  confideMie 
tiat  she  is»  as  appeaes  moil  likely,  larger  than  the  eadJp*. 

The  nroaikable  phaaoBMnon  of  the  bright  mcrgia  of  Veomb  I 
Cod,  has  not  been  noticed  by  the  author  we  have  leferradr  to  ;  on 
ilfae  contrary,  k^  is  said,  '^  this  Ught  appears  strongest  at  the^Hrtwaid 
limh,  fhmi  whence  it  decreases  gradually,  and  id  a  regpdai  ptogn9- 
sion,  towards  the  interior  edge  or  termiaatoK."  But  the  luminans 
border,  as  1  have  desaibed  it,  ia  the  observations  of  the  9th|  l6Ui, 
Mth,  and  ^Qd  of  AfwiK  does  not  ui  the  least  agree  with,  the  above  ra» 
pnesenUtion.  Witk  regard  to  the  cause  of  this  appearance,  I  beiieiia 
Sfaat  I  may  ventnva  to  ascribe  it  to  the.  atmosphere  of  yeoas^  vthkh, 
Uke  one  own,  b  probably  replete  with  nsatler  thi4  reiects  and  laftncts 
lighl  copiously  in  all  directions.  Therefore  on  the  border,,  wbeve 
we  have  an  oblique  view  of  it,  there,  will  of  conseqnenoe  be  m 
nMreaBa  of  this  huninmis  appearance.  1  suppose  the  bright  belts, 
and  polas  regions  o£  Jupher,  for  mstance,  which  hove  %  gmiHf 
l%ht  thna  the  fisintslseriL%  or  yeUow  hdl^M'tteiphnet.  ta  hcthe 
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parts  wbcra  iU  minnspliere  is  most  filled  \«illi  clouda,  wiiile  llie 
ler  uc  probably  ibmc  regions  which  are  tr«e  frulu  tli«m,  and  a.4i 
intt  Ibe  *uu  to  »hiiie  on  the  planet  i  by  wliich  meaiw  w«  have  ll 
A«ctkia  of  the  ml  surface,  which  I  lake  to  be  geuenill;  less  (utn 
ou*.     If  this   cuiijerture  be  well  fouuded,  we  see  the  rci 
tpots  00  Vcom  are   so  seldom  to  be  perceived,     for,  this  plan 
baring  a  dense  atmosphere,  iU  real  surfdce  will  cominonl^  be  e. 
foped  \>j  it.  So  as  not  to  pre^nt  us  »ith  any  variety  of  appearance 
Thb  abo  potnt«  out  Ilie  reason  why  the  spot),  wlieu  auy  aucb  tbei 
ur,  appear  generally  of  a  darker  colour  than  the  rest  of  the  b 

[PhU.  Traas.  Abrulgtd,  1753.] 


CHAP.  XIX. 


$.9   ACCOCNT  { 


It  h3I  be  ficMssary  to  saj  a  few  word*  by  way  of  iiifroducttoQ  t^'J 
ibc  accQUfll  I  hare  to  give  of  njmt  appeaiancts  upon  the  moon.  Thi  j 
phsooaneoa  of  oarure,  especially  those  that  fall  under  the  in^pectioa 
of  ibeMlfaaonier,  arelobe  viewed,  nol  only  with  the  usual  altcntit^ 
to  fiKti  aa  they  occur,  but  with  Ibe  eje  of  reason  awl  experience^  J 
la  thii  wc  are  however  nol  allowed  to  depart  from  {-iMia  appeact  J 
■DCea  I  (bough  their  origin  and  signification  should  be  iodiculed  by  j 
Ibe  mod  cbaractctising  features.  Tbm,  when  we  see,  oa  the  aurfaq  > 
of  Ibe  moon,  a  great  number  of  elevaliun;,  from  half  a  mile  Io!|,  J 
mile  and  a  half  in  height,  we  are  stiiclly  entitled  to  call  Iheni  n 
laina :  bol,  when  we  attend  (a  (beir  particular  $ha|)e,  in  which  tuaiq 
ef  them  resemble  the  craters  of  our  volcanoes,  and  thence  argue,  t 
ibejr  owe  ibeir  origin  to  (he  same  cause  wluch  li4s  modelled  maiq^  J 
of tbese,  we  may  be  said  Id  see  by  analogy,  or  with  the  eye  of  na^ J 
MO.  Now,  io  thi)  latter  case,  though  it  may  be  convenient,  iu  speak^  1 
log  of  pbwnouienB,  Lo  uk  expres«ioos  thai  can  only  be  juslitied  b)^  1 
;  upon  the  facU  theniKlvei,  U  will  ceruiuly  be  lite  safet|  J 


«^r  Mt  IO  Mgkcl  a  fall  descriptioa  of  them,  ibat  it  may  aj^iear  t^  I 
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oliiefBliow  far  we  btte  teen  aetborised  to  use  the  mental  eye;'  Tliis 

bciog  ptemisedi  I  may  safely  proceed  to  give  my  observations.  ' 

,  .  'I 

April  19, 1787,  lO**  36'  sidereal  time.     ■ 

I  perceive  three  volcauocs  in  different  pkiccs  of  the  dark  part  of  the 
gew  moon.  Two  of  them  are  cither  already  nearly  extinct,  or 
otherwise  in  a  state  of  going  to  break  out ;  which  perhaps  may  be 
decided  next  lunation.  The  third  shews  an  actual  eruption  of  fire> 
or  luminous  matter.  I  measured  the  distance  of  the  crater  from  the 
northern  limb  of  the  moon,  and  found  it  S^SJ''^.  Its  light  b  much 
brighter  than  the  nucleus  of  the  comet  which  M.  Mechain  discover- 
ed at  Paris  the 'ibth  of  this  month. 

April  20, 1787»  10^  2f  sidereal  time. 

The  volcano  burns  with  greater  violence  than  last  night*  I  be* 
lieve  its  diameter  cannot  Ue  less  than  8^»  by  comparing  it  with  that 
of  the  Oeoi^gian  planet ;  as  Jupiter  was  near  at  hand»  1  turned  the 
telescope  to  his  Uiird  satellite,  and  estimated  the  diameter  of  the 
burning  part  of  the  volcano  to  be  equal  to  at  least  twice  that  of  the 
aatellite.  Hence  we  may  compute  that  the  shining  or  burning  n»t- 
ter  must  be  above  three  miles  hi  diameter.  It  is  of  an  irregular 
round  figure,  and  very  sharply  defined  on  the  edges.  The  other  two 
Wlcanoes  are  much  farther  towards  the  centre  of  the  moon,  and  re* 
aemble  large,  pretty  faint  nebulae,  that  are  gradually  much  brighter 
in  the  middle ;  but  no  well  defined  luminous  spot  can  be  discerned 
in  them.  These  three  spots  are  plainly  to  be  distinguished  from 
the  rest  of  the  marks  upon  the  moon ;  for  the  reflection  of  the  son's 
rays  from  the  earth  is,  in  its  present  situation,  sufficiently  bright, 
with  a  ten-feet  reflector,  to  show  the  moon's  spots,  even  the  darkest 
of  them ;  nor  did  I  perceive  any  similar  phaenomena  last  lunation, 
though  I  then  Tiewed  the  same  places  with  the  same  instrument. 

The  appearance  of  what  I  have  called  the  actual  fire  or  eruption 
of  a  volcano,  exactly  resembled  a  small  piece  of  burning  charcoal, 
when  it  is  covered  by  a  very  thin  coat  of  white  ashes,  which  fre- 
quently adhere  to  it  when  it  has  been  some  time  ignited  ;  and  it  had 
a  degree  of  brightne5s,  about  as  strong  as  that  with  which  such  a 
coal  would  be  seen  to  glow  in  faint  day-light.  *  ^  * 

All  the  adjacent  parts  of  the  volcanic  mountain  seemed  to  be 
fkintly  illuminated  by  the  eruption,  and  were  gradually  more  ob« 
fcure  as  they  lay  ata  greater  distance  from  the  crater.  ' 
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^  Thii  craiHion  resembled  mucL  that  wbicli  I  saw  on  the  4th  of 
M«y»  in  the  year  1783;  an  account  of  which,  with  many  remaika- 
Uc  fmrticiikrs  relating' to  volcanic  mountains  in  the  moon,  I  shall 
take  an  early  opportunity  of  comniunicatnig  to  this  Society.  It  dif- 
lcred»  however,  considerably  m  magnitude  and  brightness ;  for  the 
voleano'of  the  year  1783,  though  much  brighter  than  that  which  u 
now  homing,  was  not*'nearly  so  large  in  tlie  dimensions  'of  its  ehip* 
two ;  the  former  seen  m  the  telescope  resembled  a  star  of  the  4th 
'tnde  as  it  appears  to  the*  ratuiral  eye  :  this,  on  the  contrary, 
a  visible  disk  of  luminous  matter,  Very  different  from  the 
aparkling  brightness  of  star-light. 

[Phil.  TraiM.  i787.] 


CHAP.  XX. 

or  THK  TWINKLING  OF  THB  FIXBD  8TAKS, 

BY  MB.  MICHBLL. 


Xl  AViKO  never  yet  seen  any  solution  of  the  twinkling  of  the  fixed 
atan»  with  which  I  could  rest  satisfied  ^,  I  shall  offer  the  following, 
'uliich  may  not  perhaps  be  found  an  inadequate  cause  of  that  ap* 
fcaniice;  at  least  it  has  undoubtedly  some  share  in  producing  it, 
especially  in  the  smaller  stan. 

It  is  not,  I  think,  unreasonable  to  suppose,  that  a  single  particle 
of  ligbl  is  suflkient  to  make  a  sensible  impression  upon  the  organs  of 
t^f.  Upon  this  supposition,  a  very  few  particles  of  light,  arriving 
at  the  cje  in  a  second  of  time,  will  be  sufficient  to  make  an  object 
Tisiblc^  perhaps  not  more  than  three  or  four;  for  though  the  im« 
may  be  considered  as  momentary,  yet  the  perception,  occa- 


'  f  ^  ' 


Mtrononen  have  latelj'  adopted,  ai  a  folatioo  of  this  appearance, 
te  CflitRBe  Miautcnest  of  the  apparent  diameCen  of  the  flied  tian,  which, 
tiMj  Mppoie,  mast,  in  conieqiience  of.  this,  be  intercepted  by  r^try  little 
mU  that  floats  in  the  airi  bat,  that  on  oliject  should  be  able  to  intercept  a 
star  tram  as,  it  most  be  large  enoogh  to*  exceed  the  apparent  diameter  of  the 
•tar  by  the  diameter  of  the  pupil  of  the  eye  s  so  that,  if  the  star  were  a  aiatbr* 
polat,  It  mast  ittU  be  eqoal  in  size  to  the  popit  of  the  eje. 
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bj.it^is  of  a-muck  longer  duntionc  tbu  tuflkieiitW  sppmra 
from  tbc  well-known  experiment  jof  a  lighted  body  whirled  round  in 
n  circle^  which  needs  not  make  many  revolutions  in  a  second j  to  ap^ 
pear  as  one  continued  ring  of  fire.  Hence  then  it  is  not  improbable^ 
that  \ke  number  of  the  particles  of  lightj  which  enter  the  eye  ui  a 
second  of  time  even  from  Sirius  himself,  may  not  exceed  three  or 
four  thousand  ;  and  from  stars  of  the  second  magnitude,  they  way 
therefore  probably  not  much  eaceed  an  hundred.  Now  the  apporent 
increase  and  din)iuution  of  the  light,  which  we  observe  in  the  twink- 
ling of  the  star^  seems  to  be  repeated  at  not  very  unequal  interval^ 
perhaps  about  four  or  fiv€  times  in  a  second:  why  may  we  not  then 
suppose^  that  the  inequalities,  wl.ich  will  naturally  arise  from  the 
chance  uf  Ibe  rays  coming  sometimes  a  little  denser  and  sometimes 
a  little  rarer,  in  so  small  a  number  of  them  as  must  fall  upon  the 
eye  in  the  fourth  or  fifih  part  of  a  second,  may  be  sofiicient  to  ac- 
count for  this  appearance  I  An  addition  of  two  or  three  particles  of 
light,  or  perhaps  of  a  single  one  upon  twenty,  especmlly  if  there 
should  be  an  equal  deficiency  out  of  the  next  twenty,  would  I  sop- 
pose  be  very  sensible ;  .this  seems  at  least  probable  from  the  very 
great  difference  m  the  appearance  of  stars,  whose  light  is  much  less 
different  than,  I  imagine,  people  are  in  general  aware  of ;  the  light 
of  the  middle-most  star  in  the  tail  of  the  great  Bear  does  net/ 1 
think,  exceed  the  light  of  the  very  small  star  next  to  it,  in  a  greater 
proportion  than  that  of  about  sixteen  or  twenty  to  one ;  and  Mon- 
sieur Bouger  tells  us,  in  his  Traits  d'Optique  befbre*mentionedf 
that  be  finds  a  difference  in  the  light  of  objects  of  one  part  in  sixty- 
six  sufiiciently  distmguishable. 

Tt  will  perhaps  be  objected^  that  the  rays  coming  from  Sirius  are 
too  nnmerous  tor  admit  of  a  suflBcient  inequality,  arising  from  the 
common  effect  of  chance,  so  frequently  z^  would  be  necessary  to 
produce  this  eflect,  whatever  might  happen  in  respect  to  the  smaller 
stars ;  but  till  we  know  what  inequality  is  necessary  to  produce 
this  effect,  we  can  only  guess  at  it  either  one  way  or  tlie  other ; 
there  is  however  another  circumstance,  that  seems  to  concur  in  the 
twinkling  of  the  stars,  besides  their  brightness,  and  this  is  a  cbang^ 
of  colour.  Now  the  red  and  blue  rays  being  very  much  fewer,  I 
apprehend,  than  those  of  the  intermediate  colours,  and  fherefoie 
much  more  liable  to  inequality  from  the  common  effect  of  chance, 
may  help  very  much  to  account  fior  this  phenomenon,  a  sbbaU  excess 
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or  defect  in  eilber  of  these  making  a  ferj  sensible  difference  in  the 
colour- 
It  will  warn  oatnnlly  be  asked,  why  tbe  frequency  of  the  changes 
of  brightness  should  not  be  often  much  greater,  as  well  as  some- 
times less,  than  that  aboveroentioned,  and  why  the  intenral  of  tbe 
fourth  or  fifth,  or  some  such  part^  should  be  |Mtched  upon,  rather 
than  the  fortieth  or  fiftieth  part  of  a  second,  or  than  a  whole  se* 
cood^  &c  for,  according  to  the  length  or  shortness  of  the  time  as* 
tnmedg  the  changes  th^t  will  natuially  occur,  from  the  effect  of 
dmnee*  will  be  smaller  or  greater  in  proportion  to  each  other.  The 
answer  to  thb  question  will,  1  think,  tend  to  render  the  aboie  solii- 
lioH  more  probable,  as  well  as  to  throw  a  good  deal  of  l^t  upon 
tbe  whole  subject.  Tlie  lengths  of  the  times  then  between  the 
dmngcs  of  brightness,  if  I  am  not  mbtaken,  depend  npon  the  dnrap 
lion  of  the  perception  befoie-mentiooed,  occasioned  bj  the  impre^ 
sioQ  of  the  light  upon  the  eje,  than  which  they  seem  to  be  neither 
lon^  nor  shorter.  Whatever  inequalities  611  within  a  nMch 
time  than  the  contmuauce  of  this  peroqiiiou,  wiUneecmarij 
be  hhadfd  together,  and  have  no  effi^,  but  as  they  coinposenpMt 
of  the  whole  mass;  but  those  ioeqnaliUes,  which  ^insucha  man- 
Mr  as  that  they  may  be  assigned  to  inten-als  nearly  equal  to^  ^ 
wmrthing,  greater  than  the  continuance  of  tliis  perception,  will  be  so 
Avidcd  by  the  imagination,  which  will  nalualljr  foUow,  and  fUk 
them  out  as  fhey  arise.*/^Ai7.  TroMt.  1767* 

N.  Bb  The  Ugfat  of  the  stars  appears  to  the  naked  eye  to  be  g/menUj 
white,  being  too  faint  to  excite  the  idea  of  a  paitieular  oolonr ;  bat 
wbca  it  b  conceutnited  by  Dr.  Herscliers  large  speculttaM,  it  be- 
coHies  in  various  stars  of  various  hues ;  and  indeed  to  the  naked  efe 
aone  of  tte  stars  appear  a  liiiie  redder  and  <»ther^  a  little  Uucr* 
The  caose  of  the  twinkling  of  the  stars  does  not,  atler  all,  appear  to 
be  fiiUy  ascertained :  it  b  refimed  by  other  philosophers,  and  wilji 
sooK  prohnbiiity,  to  changes  which  are  perpetually  taking  place  in 
the  atMO»phere,  and  wliich  affect  its  refractive  density.  It  b  said 
that  in  some  diasates  where  the  air  b  remarkably  serene,  the  stars 
bave  scarcely  any  appearance  of  twinUmg.«*£it/^« 
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CHAP.  XXL 


ON  TWILIGHT. 


Jb  OR  tbe  phcaonMDa  of  twilight,  we  are  piinciptlly  indebted  to 
the  light  reflected  by  tlie  atmosphere ;  when  the  sun  is  at  a  certain 
'distauce  only  below  the  horixou,  he  shines  on  some  part  of  the  air 
inmie<)iately  vbible  to  os»  which  affords  us  a  portion  of  reflected 
light.    The  distance  at  which  thu  may  happen  has  been  variously 
estimated,  and  it  is  perhaps  actually  difierent  in  difierent  climates, 
being  a  little  greater  in  eoimtries  near  the  poles  than  in  those  which 
'are  nearer  the  equator;  there  is  also  sometimes  a  secondary  twi- 
light when  the  parts  of  the  atmosphere,  which  reflect  a  faint  light 
(DO  the  earth,  are  themselves  indebted  for  thb  light  to  an  eariier  re* 
flection.    Some  have  assigned  18*  as  the  limit  of  twilight,  and  on 
this  supposition,  allowing  for  refraction,  the  atmosphere  most  be 
capable  of  reflecting  sensible  light  at  the  height  of  about  40  miles. 
*Mr.  Lambert,  on  the  contrary,  makes  the  limit  only  about  6^.  The 
duration  of  twilight  is  greater  or  less  as  the  sun  moves  more  or  less 
obliquely  with  respect  to  the  horizon ;  it  is,  therefore,  shortest  near 
the  time  of  the  equiuoxes,  since  the  equinoctial  intersects  the  hori- 
SOD  less  obliq'uely  than  any  lesser  circle  parallel  to  it.— ybaMg's 
Kai.PUL  Vol.  L  p.  06. 

*  The  limit  of  visible  twilight  b  when  the  sun  is  6  degrees  below 
the  horizon.  In  order  to  find  the  time  when  the  twilight  b  shortest, 
as  Rad :  Sin.  Lat. : :  S.  6*  23".  S.  Sun's  declination,  south.  Lambert 
Photometna,  sect.  987.  Schroter  asserts  that  Venus  has  a  twilight 
of  more  tlian  4%— C/e^fr  £e  Venus,  AXo.  Enfurt,  1798* 
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CHAP.  XXIL 

■ 

GENERAL  ASTRONOMICAL  REMARKS. 


Fixed  Siars» 

It  is  impossible  to  determiue  exactly  the  distance  of  any  of  the 
fixed  stars  from  the  earth ;  yet  we  are  nevertheless  able  to  dravr 
some  coocliuions  that  may  tend  to  illustrate  their  prodigious  re-* 
noteocss. 

1.  The  diameter  of  the  earth's  annual  orbit,'  if  hich  contains  at 
least  iGO  millions  of  miles,  b  but  a  point  in  Comparison  of  tlie  dis- 
tanee  from  the  nearest  star,  which  b  supposed  to  be  Shrius  or  the 
Dog-star.    At  least  thb  star  must  be  upwards  of  60OO  times  more 

than  the  sun':  for  if  a  star  should  appear  through  a  tele- 
half  a  minute  broad,  which  b  a  pretty  sensible  magnitude, 
the  trae  apparent  diameter  would  not  exceed  1 8**  3  minutes,  which 
iilesstbaii  the  six  thousandth  part  of  the  apparent  diameter  of  the 
sm ;  and  consequently  the  sun*s  dbtauce  cannot  be  one  six  thou- 
nndth  part  of  the  starts  dbtance  from  the  earth. 

2.  Could  we  advance  towards  the  stars  ninety-nine  parts  out  of  a 
fanndred  of  the  entire,  and  have  only  one  part  remainingV'the  stars 
would  appear  scarcely  larger  to  ns  than  they  do  at  present ;  for  they 
Would  diow  no  otherwise  than  they  do  through  a  telescope  which 
magnifies  a  hundred  fold.  '        '  !       / 

3.  Nine  parts  at  least  in  ten  of  the  space  between  us  and  the 
fixed  stan»  can  receive  no  greater  light  from  the  sun,  or  any  of  ihe 
stars,  than  that  which  the  earth  has  from  any  of  the'stars  in  a  clear 


4*  Light  takes  up  more  time  in  travelling  from  the  liearest  star  to 
the  earth,  than  our  sailors  in  making  a  West  India  voyage,  which  b 
wdinarily  performed  in  six  weeks.  Sound  would  not  reaqli  us  from 
the  same  distance  in  fifty  tliousand  years ;  nor  a  cannon-ball  in  a 
anch  less  time :  which  b  easily  computed  by  allowing,  according  to 
Sir  Isaac  Newton,  ten  minutes  for  the  journey  of  light  from  the  sun 
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to  the  earth ;  and  that  sound  travels  at  the  rate  of  about  thirteen 
hundred  feet  in  a  second. — Miscellanea  Curiosa^  Vol.  I. 

Flamstead,  Phil.  Trans.  1701»  conjectures  that  he  had  found  an 
annual  paralax  of  40^  or  45^^;  the  polar  distance  being  greatest  in 
June.  Cassiui,  A.  P.  iJlTt  makes  the  apparent  diameter  of  Sirius 
several  seconds;  this  however  is  denied  by  Halley,  Phil.  Trans. 
1720. 

Supposing  Saturn  to  reflect  one<4eventh  of  the  light  that  falls  on 
him.  and  to  be  equal  10  brightness  to  a  star  as  large  as  the  sun,  the 
distance  x>f  the  star  will  be  425100  times  as  grpat  as  that  of  the  smi» 
and  its  apparent  diameter  CT^  lff^'\  Hence  we  may  assume  the  dis- 
tance 500000.— Lambert  Photometria. 

Midiell  observes,  that  a  star  of  500  times  the  diameter  of  the 
sun  ought  to  recall  the  particles  of  light  from  an  infinite  distance, 
and  thinks  that  a  sensible  effect  might  be  produced  by  a  star  22 
times  as  large  iu  diameter  as  the  sun :  the  attraction  of  the  sun 
ought  to  retard  it  ^^^^la^  in  an  infinite  distance.  The  light  of  m 
star  of  the  sixth  magnitude  is  to  that  of  the  sun  as  one  to  a  hundred 
billions.— Phil.  Traoi.  1/84. 

Some  stars,  if  as  remote  from  each  other  as  Sirius  is  from  the  sua^ 
should  be  4Q0OQ  times  as  far  off  as  Sirius.  At  this  distance  Sirius 
would  be  scarcely  visible.— A  cluster  of  5000  stars^  scarcely  visible 
as  a  mass  by  the  forty -feet  telesco|)e,  must  be  above  eleven  millions 
of  niillious  of  millions  of  miles  off. — Herschel,  Phil.  Trans.  l^^S. 
1800. 

Barker  produces  five  authorities  to  %how  that  Sirius  was  formerly 
reddishj  and  even  redder  than  Mars,  and  proves  that  it  is  now  white. 
—Phil.  Trans.  1760. 

Garcin  observes,  that  at  Bender  Abassi  in  Asia,  where  the  air  is 
very  pure  and  dry^  the  stars  have  a  light  absolutely  fixed  and  free 
from  twuikling.    A.  P.  1743.— Young  Nat.  Ph.  If.  ggi. 

Humboldt,  by  means  of  diaphragms,  in  Herschel's  manner,  has 
gjven  the  following  as  the  comparative  brightness  of  various  stars* 
Sirius  1,  Canopus  98,  *Ceutauri  96,  Achertiar  94,  a  Indi  50,  /3  47, 
a  Toucan  70,  a  Phoenicia  65,  a  Pdvonis78,  a  Gruis  8],  fi75,Y  58. 

Euler  makes  the  light  of  the  sun  equal  to  that  of  656O  candles  at 
1  foot  distance^  that  of  the  moon  to  a  candle  at  7|  feet,  of  Veuiis 
to  a  candle  at  431  feet,  and  of  Jupiter  to  a  candle  at  1620  feet : 
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partly  from  Boaguer's  experiments,  titnce  (he  sua  woolil  3p)tew'  • 
likrJupiter,  if  removed  to  131000  limci  his  prescirt  distauce— MenJ  | 
B«l.  Acad.  17^ 

Miiky  Way. 
Lambert  regards  the  Milkv  way  as  the  elliptic  nf  (he  lixe<|  stai«4 

be  ikiuki  the  grKat«r  Klars  beloDg  (o  tbe  solar  nebula,  and  llial  Uie 
ollwr  nobula  are  confused  togelher  in  the  tDilky  way. — PbuteineJ 
tria,  h  H39-  I 

Henchcl  conjeclores  Uiat  Uie  mitky  way  is  lt»e  projection  of  o«t 
mbala,  and  itial  the  suu  lias  a  mulion  towards  iis  nudu  nearCe* 
pheiu  and  Cassiopeia,  17S4.  In  a  circle  of  15'  diameter,  566  slan 
«cr«  counted :  if  iticse  were  al  tqual  distances  in  a  cone,  th«  length 
•f  Uw  coiie  must  have  been  497  limes  their  distance,  Frura  calcnJ 
LtiMM  of  this  kind  a  figure  of  the  nebula  is  drawn,  showing  a  seclioif 
p^ttDg  tlirougb  its  poles  at  right  angles  to  tlie  line  of  the  iiodoi^ 
Tbe  right  ascension  of  the  |>oleia  lijb*,  its  polar  dislaiice  Ae'ii/sA^I 

— PhiL  Trans.  1784—1802.  Young's  Nal.  Phil.  11. 

In  1795  Or.  HerscJiel  found  (iOO  siara  iii  a  circle  of  13'  in  dltd 

meld;  Phil.  Traus.  179^.     lie  Iracod  outa  variety  of  double  slai% 

■Uch  bv  »t  leikglh  followed  up  loliie  Dumber  of  tifiy,  Cassinl 
tended  this  discovery  of  Herscbel's,  but  differs  a  little  as  to  the 
colsur  of  these  stars,  anil  enquires  whdher  they  may  not  be  said* 
lile».  A.  P.  1784— Michell,  in  like  ninnner,  conjeclutcs  that  some 
(taraiuay  move  round  others,— PhiLTreus.  17M.- 

Sun.  .  < 

Tbe  apols  on  the  sun,  many  of  winch  are  ss  lar^,  ami  some  live 
or  lia  times  as  large  as  the  diameter  as  tbe  earth,  wire  firit  disco* 
vered  by  Fabricius  of  Wittembetg  in  161I  ;  but  iheir  nature  In* 
been  a  source  of  perpetual  controversy.  Derham  regarvlerf  them  «• 
th>n<fs  of  »ol«inoes,  aflerwtirds  beconiinft  sacula.  Crabtrie,  m  early 
u  l640,  desetil)ed  them  as  etiliHlalions  like  douds.  Lalaiide,  and 
nnous  others,  believed  litem  to  be  mounlains;  Wilsiiii,  in  opposi- 
lion  to  Laivnde,  asserted  Ihem  lo  be  excavaliittis.  Herschel,  Phil; 
Tram.  179}.  represents  the  sun  us  an  opaijue  botly,  protmbly  mht' 
bited.  rovereil  with  an  atmosphere  in  w  bicli  clouds  of  *  luniinoiw 
matter  are  floa'tng,  and  the  spots  as  intemiplioii^  of  these  douthi 
lie  b<Lk««  them  to  eiisl  in  two  sttula,  of  which  the  upper  only  M 
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lamioousy  and  the  ouder  stntiini  an '  interpositioQ  to  protect  the 
body  of  the  mm  from  the  Itmiiiious  hett ... 

In  Phil.  Tninf.  ISOl,  Dr.  Herschel  eodeavoun^to  show  that  the 
variation  in  the  heat  of  different  years  is  owbg  to  the  more  or  less 
copious  supply  of  fuel  in  the  sun,  and  that  it  is  this  fuel  that  consti- 
tutes his  spots 

•.  The  mdtion  of  the  sun,  aocompanied  by  the  whole  solar  system. 
Las  1^  been  maintained  and  doubted  of.  Mayer  suggested  that  it 
takes  place  towards  the  corona  borealis.  Prevost  adopted  the  same 
idea.    Lichtenbeig- was  scepCicd— -Herschel,  id.  p.  333. 

Planeli. 

There  is  a  material  difference  in  the  calculation  of  difieient  phi- 
losophers as  to  the  surface  and  temperature  both  of  the  primaiy 
and  secondary  planets  that  belong  to  the  solar  system.  Thils  m 
Chapter  XVI.  Mr.  Baily,  in  hb  synopsis  of  La  Place's  Exposition, 
lias  calculated  the  proportion  of  light  and  heat  existing  in  Mercnrj 
at  rather  more  than  uk  times  and  a  half  the  mean  light  and  beat  of 
the  earth;  the  liglit  and  beat  of  Venus  at  nearly  double  that  of  tbe 
earth ;  those  of  Mars  something  less  than  lialf  those  of  the  earth ; 
those  of  Jupiter  more  than  a  third.  Dr.  Young,  on  the  contraiy, 
has  estimated  these  powers  prodigionriy  higher  for  Mercury  and 
Venus,  and  considerably  lower  for  Mars,  Jupiter,  and  Saturn.  Hia 
words  are  as  follows. 

"  Of  Mercury  we  know  little  except  the  length  of  his  year,  which 
is  shorter  than  three  of  our  months.  Supposing  all  our  heat  to 
come  from  the  sun,  it  is  probable  that  tiie  mean  heat  on  Mercury  is 
above  tliat  of  boiling  quickaili^r;  and  it  is  scarcely  possible  that 
there  should  be  any  point  about  his  poles  where  water  would  not 
boil.  The  8un*s  diameter  wcMld  appear,  if  viewed  from  Mercury, 
more  than  twice  as  great  as  to  us  on  the  earth. 

*<  Venus  must  have  a  climate  far  more  temperate  than  Mercury, 
yet  much  too  torrid  for  the  existence  of  animals  or  vegetables,  ex- 
cept in  some  circunipoiar  parts ;  her  magnitude  and  diurnal  rotation 
differ  but  little  from  those  of  the  earth,  and  her  year  b  only  one 
third  shorter;  so  that  her  seasons,  and  lier  day  and  night,  must 
greatly  resemble  oun.  The  earth,  when  in  opposition  to  the  sun, 
must  be  about  four  times  as  bright  as  Venus  ever  appears  to  us,  and 
must,  therefore,  always  cast  a  shadow ;  it  must  be  fre(|uently,  and 
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|ii  ihnu  (cnefBUj,  raible  ia  Um  daj  {  md  togttlier  with  Uie  moon 
mart  oUlul  ■  let;  inlcrtiUng  object.  Tbe  almoBphcrc  of  Venns  a 
■uppowil  ta  be  Dnrl;  tike  our  own,  or  MOWMhat  more  rare. 

"  Tiw  '^■— '*  of  Mars  U  u  much  colder  (ban  uurn,  u  tliat  of 
Veotu  ■  wanner ;  iii  other  mpecU  Uwre  b  no  very  itrikin;  di^ 
fcnwc :  tbe  iaduMiioa  of  hb  aais  to  hi«  ecliptic  being  nearly  the 

,  MOK  aa  that  of  the  earth'i  aiit,  the  cbanjea  of  aeuoo*  mbsl  be  utviy 
l&c  wit  owu.  Dr.  Heractael  has  obMrved  a  eoiutant  appearaitcc  at 
two  bright  ipota  or  ciick«  near  tbe  poles  of  Man,  wbich  be  allri-    ' 

.  bote*  to  tlie  kc  and  now  (lerpetually  sunooDding  them.     It  is  u 
however,  pcobabte  that  water  could  remain  fluid  ia  any  part  of  Miu^ 
■ad  even  qnickulvet  and  alcohol  would,  perhaps,  be  fiosen  Id  )m 

.tnBp*nte  climatea.  It  u  pretty  ceriab  that  Mars  hai  au  atntn- 
tpbtn,  mtd  bit  dark  q>ot»  seem  to  be  occasioned  by  cloudi :  ifaU 
ttmoifktie  ina),  perhaps,  «Uo  be  the  cause  of  the  ruddji  hue  of  hia 

"  It  appean  to  be  doubtful,  whether  either  of  Ike  three  liltle 
yliili  newly  dixovcred  aui  be  sufficiently  solid,  to  give  a  fina 
(Mfipi  to  any  material  beiiiifs :  we  should  probably  weif  h  only  ■ 
far  paand*  each  if  transported  there.  According  to  Dr.  Hercbd'a 
4pHM^  KHber  Ceres  nor  Pallas  is  much  la^er  than  a  good  Scoldi 
■  mUM,  dlbaugh  they  uiuit,  sometimes,  appear  to  each  other  m 
,  fliMBla  tt  ■  nost  reipectable  siae.  The  light  reflected  from  Ceres 
,  k  «f  a  MOR  ntddy  bue  than  that  of  Pallat;  both  of  tJtcfe  {rfanela 
by  more  or  leas  of  a  nebulosity,  proceeding,  pethapn^ 
Imospfacres ;  and  in  tfab  re^wct,  as  well  as  in  tha 
of  their  orbits,  tbcy  appear  to  ha*e  some  affinity  to 
liillHia  U  is  tolerably  certain  that  neither  of  them  is  300  miles  ia 
dkiaater;  nd  Judo  b  also  probably  about  the  same  siie. 

"  It  n  ob*iou>  that  the  moit  strihing  features  of  tl>e  heaveni, 
nbcB  cMilcmplated  from  Jupiter,  would  be  the  diversified  poiitioni 
nd  eombmations  of  his  lalelliles :  ihcir  light  must  be  taint,  but  yet 
«f  scmee :  and  to  a  traveller  on  the  surface  of  tiiis  vast  globe  they 
iMal  afl>n1  useful  ipfoniution.  as  well  with  respect  (o  lime  as  (» 
ptMW  Our  little  earth  must  probably  be  always  invisible  to  a  spe^ 
laUMBlaUed  00  Jupiter,  on  accouDt  of  its  apparent  proximity  to  lh« 
■on,  in  the  «ame  nuoner  as  a  |^oet  at  half  th<^  dbionce  of  Mercur/ 
Would  be  invisible  to  us.  The  year  of  Jujnter  must  coDtaio  iMarly 
tea  tluiuaiid  of  hb  days,  aud  that  of  Sulura  almost  thirty  ibousaiMl 
VOL.  I.  O 
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SalnitritD  iays.    Besides  the  vidssitudu  of  Ihe  wea  nlcllitM  n- 
'  vol*ing  round  Saturn,  bis  ring  nittvt  aflbrd,  m  diSrreDt  parts  of  bb 

fuifact,  very  div«ntified  sppeaniiMi  ofmBgnificcnl  luDiiiioiH  aHh«i» 
'•trelched  across  the  heavens,  especially  in  thai  bemispfaere  which  i> 

«D  llw  same  side  of  the  ring  with  the  sun. 

"  From  Ihe  Georgian  planet  the  sun  must  he  seen  but  as  a  Hide 
>9(ar.  Dot  one  hundred  and  fittieth  part  as  bright  as  he  appears  to  ns. 
^  Tlie  axis  of  this  planet  being  prolnbly  near  to  the  pbrn;  of  its  criip- 
-.lie,  it  must  t>e  directed  twice  in  (be  year  towards  the  sun,  and  ibe 
,  limit  of  illumiaation  must  approack  to  the  equator,  so  that  almfist 
,  every  place  on  his  surface  must  sometimes  remain,  for  a  great  natt> 
'  Wr  of  diurnal  revolutions,  in  light  and  in  darkness  ;  the  most  mo* 
-iterate  climates  having  one  night,  in  (heir  long  year,  equal  in  dun* 

lion  at  least  to  several  of  our  yean:  and  it  mnst  be  confessed  that  . 

<  thb  planet  would  afford  but  a  comfortless  habitation  to  those  a^ 
customed  to  our  summer  iiiushine,  even  if  it  were  possible  to  coltH 

,iiie  it."— Young"!  Nat,  Phil.  Vol.  I. 

•  In  thisdiKrreoceof  estimation  we  iocliue  to  that  of  Mr.  Bailey,  S»  ' 
in  CfaapUr  Will,  we  have  already  observed  that  Or.  Hersdwl  bM 

I  disproved  those  enormous  mountains  on  Ihe  surtiice  of  Venus,  vfattb 

Schr&ter  persuaded  himself  be  bad  detected.  Some  astrotwnen 
ikave  occasionally  supposed  that  tbey  have  discovered  asatelliKit*' 

tendant  upon  Venus ;  for  an  account  of  which  Ibe  reader  may  ton 
.  to  Mr.  Short's  paper,  PhiL  Trans.  1741 ,  and  Bode's  Jahibucb,  >777 

ftnd  1^8. 

In  like  manner  Schrbter  calcalaled  the  moon  to  possess  meuntiAi 

four  thousand  lotHs,  or  nearly  five  miles  high  ;  and  to  have  a  tvi» 

<  light  of  such  a  nalnre  as  to  indicate  an  atmosphere  of  lUrce 
loises  high.   Phil.  Trans.  I7g3.    Schroter.     Phil.  Mag.  XV. 
Mencbel,  on  the  contraiy,  at  we  have  already  notJeetl  ih 'Cliit|dflr> 
XIX.  makes  Ibe  loftiest  mountains  in  tfae  moon  only  a  mile  and  lldhe 

'  tjuarten  high,  and  found  few  or  no  signs  of  a  lunar  atinospWr<%< 
an  eclipse.  Thequestion  of  an  atmo^bcre,  however,  isstillin'Ml' 
'  unsettled  stale,  though  it  is  now  nnifonnly  admitted,  tint  if  At: 

•  moon  possess  one  at  all,  it  is  of  an  extremely  Rltennaled'nBfnTe. 

Ricciolt  however  calculated  the  height  of  Ihe  Innar  nioUmMiM  M 

he  lar  superior  to  those  of  Schr6ter,'  and  was  opposed  in  hit  tlajr'bjF. 

Hevelius,  as  Schroter  has  been  by  Henchet.     The^  aStV6mUi<to 

'  affected  to  divide  the  luuai  mountains  into  legnlat  orders; -ii^i*' 
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tken  b«  Hparate  namei,  in  the  same  maaiier  at  geogtv* 
^l^n  firtngoiiii  Uk  niountaiiu  of  our  own  globe.  Derliaia  iiu 
,pt«a  ajood  iccDunt  of  (beii  difimot  coiijeclum  upou  these  siil^ 
,  JecU  B  ihe  following  paA^age. 

"  Bj  Riccktli'i  measures  tlie  height  of  what  he  calls  Mount  Si* 

,  aai,  ar  SC  Katharine's  Hill,  is  g  Bouonian  miiej,  and  that  of  XaVe- 

,  rius  IwcItc  :  but  accordJag  to  his  oorrectfODf,  the  former  is  but  6^ 

IHijea,  (be  laltet  II  J.     Wbicli  at  llie  rate  of  6020  Engli^  feet  iu  a 

■  Booooiao  mile,  babout  13  and  9  English  miles;  an  liei^'ht  so  great, 

"  eonsdenng  how  muefa  ibe  nooo  b  lets  than  the  earib,  tbatJ  taiuiot 

^bol  think  tliat  diligent  person  was  mistaken  in  hb  measures,  add 

'^.tfaat  Ibe  computations  of  Heveliusaie  much  the  best:  who,  as  be 

',Vt«  at  able  as  any  man,  and  made  more  accurate  aud  diligent  ob- 

^^•enatians  of  ihe  moon's  face  titan  most  men  ever  did,  so  was  more 

.Vkdj  to  come  nearest  the  truth.     And  by  bis  reckoning,  ibe  Ughest 

,  Ula  in  tlK  moon  are  bat  about  ^  of  a  German  mile,  and  some  of 

tbcni  bat  -^ha,  uid  tome  not  above  an  Ilalinn  mile.     An<l  coa»> 

4«fimtbe  bulk  of  tbe  moon  to  tliat  of  the  earth,  these  are  great 

anmeaocs  lor  tbe  moon. 

"  And  as  ttie  lunar  mounl;uns  are  of  prodigious  Leigbls,  to  m 

fcrf  tiif  areof  greal  eiteot.    Hevelius  reckons  the  lunar  Taurus  to 

',:liacb  to  170  Genuan  miles;  Mount  Sepher  IjO;  and  tbe  lunar 

Apemine  above  lOQ German  mfles. 

"  The  waj  how  to  measure  the  height  of  tbe  mountains  of  tbe 
Baoaii  is  aot  difficult,  nor  uncertain ;  nhicb  is,  by  observing  tbe  dia> 
taaee  bclween  the  distant  golden  spots,  at  llieii  first  appearanca 
(arfakb  an  the  InpH  of  hills)  aiid  the  enlightened  part  of  tbe  moon. 
Which  dbtancc  may  be  computed  by  miles,  or  any  otber  equal  i 
part*,  iulo  which  we  can  imagine  the  moon's  diameter  divided.. 
Hc*(i  Srleaogr.  cb.  6 ;  GalilKi  Nunc  Sider,  p.  14 ;  Riccioli  Alma- 
(est'  L.  4.  c  B.  Scbol. 

"  Oa  tbe  edge  of  the  mooD  wbicfa  is  next  the  sun,  I  could  nerer 
|Kreu*e  with  my  best  glasses  any  the  least  sign  of  a  mountain,  but 
all  to  be  exactly  level  and  smooth.     Only  mdeed  there  are  soma  I 
,  ctrtan  transient  roughnesses  and  uneveunesses  on  the  limb  caused  i 

bjr  e^Mon.  especially  when  llie  moon  b  near  the  horison,  and  is 

,  viady  and  some  other  wtather.     At  which  thnes  tbe  niotion  of  the 

air  and  vapours  makes  a  pretty  crispation  and  rolling  like  waves  on 

1^  nooo'i  limb,  which  have  tbe  aj^pearance  of  moving  mounlaioi 
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'darkened  part  of  tlie  moon  extends  beyond  the  eulightmed  pa^ 
"mountaiiu  mty  very  maniteitljr  be  ttiscernei].  exactly  resembling  ouM 
on  the  earth.     A  few  hours  before  aod  after  the  full,  I  have  Kith 

*  pleasure  Men  ihe  appeaivace  of  considcmbte  mountains  anil  bajs. 

"  These  alone  I  conceive  are  the  mountains  which  the  excellent 
Heveliu)  speak(  of  in  several  placesof  his  Selenography,  particularly 
'  in  his  answer  to  Bettinus,  and  olhcr  peripatetics,  rn  ch.  6,  p.  I4S. 

*  whs  denied  that  mountains  could  be  in  the  moon,  as  well  as  manf  ' 
ctlier  things  diKovered  not*  bi^  the  teteicope." 

There  has  been  Ihe  same  doubt  res])ecling  ihe  moan*s  posse^ni 

"of  seas  and  rivers;  the  spots,  pits  or  cavities  observable  on  her  face* 

Laving  in  man^'  iuilauces  been  regarded  as  seas  from  a  very  early 

period.    Tbui  PIniarcb,  in  his  book  JJe  Fade  in  Orbe  Lunte,  al 

'  ihe  beginning,  ciles  it  as  Clearchus's  opinion,  'Eiiavas  srorrtixxr 

'drai  xai  EiJfuXaT^C  jxfyaAijf  SoAarrrjC,  i.e.  "  That  wimi  b  called 

t  Ihe  &cc  of  tile  moon,  are  Ihe  images  and  appearances  of  a  grnl 

Taca  in  the  moon."    And  about  the  middle  of  tiiat  tract,  T»  tf  fiti-  ' 

>    '  ^cjtttt*  TBTi  x^iiionnv.    i.  e.  "  As  to  thai  face  which  appears  in  tin 

*nioon:  as  our  earth  bath  certain  large  bays:  so  we  conceive  ibe 

"moan  is  overspread  with  l3r|,'e  hollows  and  ruptares,  con  taming  «%• 

\    Her,  or  a  thick  air.  into  which  the  sun-beams  are  not  able  to  enirr, 

nlience  no  reflection  is  produced  by  them." 

One  of  the  best  abridged  descriptions  of  the  general  cliaracter  of 
the  moon  which  we  have  hilberlo  met  with,  is  the  folluwing  of  Dr. 
r    Toung. 

*'  The  moon  performs  a  complete  udereal  rerolution  in  37  daVf 

.  7i  hours,  and  a  synodicat  revolution,  during  wliich  she  returns  to 

f  '  the  same  position  with  respect  lo  the  earth  and  sun,  in  39  days  13^ 

ttuurs ;  a  period  which  constitutes  a  lunation,  or  a  lunar  month.    Her 

orbit  is  inclined  to  the  ecliptic  in  an  angle  of  a  little  more  iban  five 

degrees,  but  this  inclination  is  liable  to  great  variations :  llie  place 

of  its  nodes  is  also  continiiady  changing,  their  motion  being  somer 

,  times  retrograde,  and  sometimes  direct,  but  on  the  whole  ifae  retro* 

grade  motion  prvvaih.     Hie  form  of  the  moon's  orbit  is  irregularis 

*' elliptic,  and   the  velocity  of  its  motion  deviates  considerably  from 

llie  Kepleriao  law  of  the  description  of  equal  areas  in  equal  times ; 

the  apsides  or  the  extremtlies  of  the  greater  avis  of  the  ellip^s 

which  ttt  called  the  apogee  and  perigee,  have  on  the  whole  x  dbtct 
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notioo.     From  a  comparisoo  of  modem  obsenratioiis  with  ibe  inpft 
UKimt,  tbe  meaa  uolioo  nf  ihe  moon  is  found  to  l>e  soowwhal  bC; 

"  The  BBOoa  TC*»lvei  on  ber  own  axis  with  a  very  ci]uabl«  wfk 
tioo,  aai  llw  pcriml  of  hci  rolalion  bpreciiel])  equal  (o  Hk  man 
pcfMMl  «f  licr  revolution  round  the  earth ;  lo  that  she  alwayt  pi»> 
Mtrtt  to  ut  ibe  ume  portion  of  her  surface,  excepting  llie  apparent 
«  produre<l  by  her  unequal  velocities  in  ber  orbit,  aitd  |n 
'  fl  of  ber  axis,  wliicb  is  indir>ed  1°  43'  to  the  ecliptic,  lad 
tomctiiBci  a»  niucli  ai  7"  lo  ber  own  orbit.  Her  dittauce  froo) 
llic  eanh  i*  about  S-tOOOO  miles ;  ber  diameter  ^  of  that  of  ibe 
tailb,  or  3l60  miles;  and  the  weigfil  of  bodies  at  tier  surface  U 
•uppofcd  lo  be  about  one  fiflb  of  their  weight  at  the  surface  of  itie 
Mttb. 

"  Tbc  inrfiica  of  the  moon  presents  to  iu,  when  viewed  with  a  te> 
Icicope,  a  great  diversity  of  light  atui  shade,  the  principal  fealuiea  qf 
whidi  arc  vitible  even  to  the  naked  eye.  Many  of  these  iocqualiliet 
RKOtble  very  strongly  Ihe  effects  of  volcanoes ;  several  aitroonnMa 
have  imaitined  that  they  have  seen  volcanoes  actuxdly  burning  in  tba 
uaenligbleued  part  of  the  planet ;  aud  Dr.  HersclKl's  instrunienl^ 
have  cuaUed  hint  lo  ohtnin  satisfactory  evidence  of  the  truth  of  the 
coiyecture.  The  appeantace  of  a  pciforation,  which  Ulloa  supposed 
,lbat  be  observed  near  the  niargii)  of  the  moon's  disk,  in  a  lolar  eclipse, 
has  been  attributed  by  some  to  a  volcano  actually  burning.  Dr*  Hal- 
,Uj  and  Ur.  Weidler  have  also  observed  flashes  of  light  on  the  dark 
.|mrt  of  the  ntouii,  considetaUy  resembling  the  effects  of  lightning. 
■  The  height  of  llie  lunar  mountains  has  been  commonly  supposed  ta 
<  ru«rd  very  considerably  lljat  of  the  mountains  of  the  earth  t  but 
,  Pr.  Hmchel  is  of  opinton  Ibat  none  of  ibem  are  m  much  as  two 
milea  highu  The  names,  which  have  been  given  by  astronomers  |o 
various  ptrts  of  the  moon's  surface,  are  of  some  utility  in  the  obser- 
'  vatioo  of  the  progress  of  an  eclipse." 

"  TIic  inhabitants  of  the  moon,  if  the  moon  be  inhabited,  must  be 
.capableofliving  with  very  little  air,  and  less  water.  There  is  reason  to 
I  Ihtok  tbeir  almospbere  less  ttian  a  mile  high,  and  it  is  never  clouded  ; 
,  to  that  the  sun  must  shine  vnilhout  intermission  for  a  whole  fort- 
.  vi^  on  Ihe  some  spot,  without  having  bis  lieat  moderated  by  the 
'utcTposilion  of  air,  or  by  Ibe  evaporation  of  moisture.  The  want 
,  af  walw  in  ibe  moon  is  not,  as  some  have  supposed,  the  necessary 
o  9 
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cbnsiiqaenee  of  the  want  tfnn  ttmoiiriMK  i  bat  h  b  nfimed  piirtly 
ftoni  tbe  total  abwnce  of  clouds,  and  partly  from  tbe  irrtgular  ap» 
pearance  of  the  margin  of  the  moon,  as  seen  in  a  solar  eclipse ;  do 
pirt  of  it  being  teriAinated  by  a  line  sufiiciently  regufaur  to  allow  us 
fd  suppose  it  the  soriace  of  a  fluid.  The  earth  most  always  appeaf 
tof  occupy  neariy  tbe  same  part  of  tlie  sky,  or  rather  to  describe  « 
nmrll  oral  orbH  round  a  particular  point,  exposing  m  surfiicc  Id 
tiibes  as  great  as  that  of  the  moon  appears  to  us.  This  large  mrfacef 
iu^>emled,  with  phases  continually  changing,  like  those  of  tbe 
iHtMm,  must  tflbrd,  especially  when'  viewed  with  a  teleseope,  ail 
etcellenk  thn^pieee ;  tbe  cditiAents  and  seas  coming  gradually  and 
regnbrly  Into  view,  and  aftirding  a  variety  equally  pleasing  and 
nsifnt.  To  us  such  a'timepiece  would  be  of  inestimable  value,  as  it 
would  afford  us  an  easy  method  of  discovering  the  longitude  of  a 
place,  by  oom|Mng  its  motion  with  the  solar  time ;  but  in  the 
moon,  the  retetive  ^position  of  tbe  ieartfa  arid  snn,  or  of  th^  earth  asA 
'stars  bnly,  would  be  suKficieiit  for  determinhig  the  situation  of  ariy 
l^laoe  in  nglit  of  the  earth ;  if,  however  there  are  no  seas  and  no  osl^ 
V^jalion,  astronomical  observations  of  this  kuid  would  be  of  very 
little  utility.  The  assistance  of  the  eaith*8  phases  iil  the  mtmm^ 
mknt  oif  tiiii^  liiigjht,  however,  siill  be  veiy  useful,  for  many  purpoaei^ 
id  the  iohabitAntsof  the  nearer  liaff  of  tbe  ttioon ;  and  proMhJy  the 
remoter  part  h  much  deserted,  for  in  thcnr  loilg  m'gfat  of  bilf  k 
month,  they  sriust  be  extremely  m  want  of  the  Kgbt  reflected  fraMi 
the  earth,  rinless  the  inhaUtants  have  the  focultv  of  sleeijint  throoib 
the  whole  of  their  dark  fortnight;  The  surftce  of  the  moon  a^ 
pears  to  be  very  rocky  and  baiten,  and  liable  to  frequedt  dis- 
turbanccs  floin  volcanoes.  These  have  been  supposed  to  pngect 
some  6f  tKeir  conttats  within  the  reach  of  the  earth's  attractioii, 
which  they  might  easily  do,  if  they  could  throw  them  out  with  a  ve* 
lodty  of  About  eight  thousand  feet  in  a  second,  which  is  only  fear 
times  as  great  as  that  of  a  cannon  ball ;  and  these  slobea,  ialliag 
through  the  atmosphere^  might  very  possibiygenerate  so  much  beat, 
by  compressnig  the  air,  as  to  cause  the  appearance  of  fiery  n^eors 
and  to  fall  in  a  state  of  ignition.  The  appearance  of  the  niooo,  as 
viewed  through  a  good  telescope,  b  extremely  well  hnltated  by  Mr. 
RdssePs  lunar  g^obe,  which  is  also  capable  of  exhibitmg,  with  great 
accuracy,  tbe  changes  produced  by  its  librations.*' 
Ibe  sate  vsluable  writer  ofl^  tbe  foUowitog  osesul  remaAs 
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"  Tlw  reTolulions  uf  the  primary  plaoels,  combined  w  ith  (hnl  o([ 
the  eartb.  nccemaTily  produce  the  various  reUlions,  in  which  they 
are  eilhtr  Jd  oppoiition  or  coDJunclion,  wilh  resjtecl  to  each  other 
or  (o  Uie  sm,  aiid  in  which  Ihe  apparent  motion  is  direct  or  relio* 
gndc,  or  tb«  plaocl  is  statiaoarir,  according  to  the  directioiiB  and  the 
rotnpaialrve  felocilies  of  the  real  motioos.     If  the  earth  were  af 
mtf  Ibe  iiiferioT  plaocti  would  appear  to  he  slatioaary  when  they 
uc  at  Um  greatest  elongation  or  angular  distance  from  the  sun  ;  but, 
M  accMint  of  the  effect  of  the  earth's  motion,  Venus  is  stationary 
St  an  etongalioo  of  about  39°,  while  her  grealeEt  elongation  u  be- 
(wecn  45*  and  48".    The  greatest  elongation  of  Mercury,  ineac|L  • 
ntotulioo,  is  from  SS-^"  to  17^" >  according  to  Ihe  position  of  hH^H 
orbil,  which  is  *ery  eccentric.    All  these  appearances  are  precise!*  '  1 
L     tbc  mot  as  if  the  sun  actually  revolved  round  the  earth,  aud  tfaOL  f 
I    flueti  accompanied  him  io  Iii>  orbit,  performing  at  ttie  same  tiinfL  [ 
*     fhttr  aereral  revolutions  round  him  i  and  the  path  which  i*'OuM    | 
tktu.be  d^ribed.in  the  heavens,  and  which  is  of  a  cycloidal  nalur<^j| 
re^mcf  t«  correctly  the  true  po^iitians  of  tlit?  planets  with  respect  (•J 
ibe  eaitlu    Tbe  apparent  angular  deviation  from  tlie  ecliptic,  or  l'  ~ 
ItCJUide  of  the  pUnei.balso  greater  or  les%  accordingly  ai  the  eai 
s  nearer  or  remoter  to  the  planet,  as  well  as  according  to  the  >ncli>  ^ 
ttaltoo  of  its  orbit,  and  ils  distance  from  tbe  node.  ,1 

"  The  various  appearances  of  the  illuiuinaled  discs,  especially  H  ' 
the  iotcrioT  planets,  and  the  transits  of  theiic  planets  over  tJie  sun> 
dcnnd  m  their  positions  in  their,  orbits,  and  on  the  places  nf  ihe 
aooet,«ilb  respect  to  earih.    Jupiter,  Saturn,  and  the  Georgiu| 
pland,  are  to  remote  in   comparison  of  the  earth'H  distance  fro*  J 
tlie  tan,  Ihal  they  appear  always  I'ully  illuminated.  Venus  is  brigbloK  ; 
at  an  election  of  about  40°  from  the  sun,  to  tliat  part  of  hn  "I 
orbit  which  is  nearest  to  ihe  earth  ;  she  Ihen  appears  like  tbe  mooB 
■hen  3  days  old,  on^fourlh  of  her  disc  being  illuminated ;  she  cajtt 
I  shadow,  and  may  even  be  seen  in  ibe  day  time  in  our  cUmate«.  if 
■be  bl^ipeai  Io  be  far  enough  north :  a  circumstance  which  oc«urf 
Dace  la  about  8  years.     In  order  that  there  may  be  a  transit  p£ 
Vennaorer  llwsun,  sheniu3(  be  within  thed^tance  1^°  of  her  nod« 
U  the  tJi^e  of  conjunction,  otherwise  sbe  will  pasi  either  to  iha 
aoftb  or  to  tbe  south  of  the  sun,  msie^d  of  being  imuteduteJy  iulei- 
pond  between  him  and  tbe  earth. 
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The  phases  and  eclipses  of  the  moon  are  very  obvioady  owiog  to 
the  same  causes ;  that  part  of  the  moon  only,  on  which  the  sun 
shines,  being  strongly  illuminated,  although  the  remaining  piart  is 
fiuntly  visible,  by  means  of  the  light  reflected  on  it  from  the  earth ; 
it  is»  therefore,  most  easily  seen  near  the  time  of  the  new  moon, 
when  the  greatest  part  of  the  ctrtfa's  surface  turacd  towards  the 
moou  is  illuminated.  The  parts  of  the  moon  which  are  immedi* 
ately  opposed  to  the  earthj  appear  to  undergo  a  libration,  or  change 
of  situation,  of  two  kinds,  each  amounting  to  about  7  degrees;  the 
one  arising  fW>m  the  inequality  of  the  moon*s  velocity  in  her  orbit 
at  difierent  times,  the  other  from  the  iucliuation  of  the  aiis  of  her 
rotation  to  her  ort>it ;  besides  these  changes,  the  diurnal  rotation  of 
the  earth  may  prodnce,  to  a  spectator  situated  on  some  parts  of  it^ 
a  third  kind  of  libration,  or  a  change  of  almost  two  degrees  in  the 
appearance  of  the  moon  at  her  rising  and  settuig, 

"  When  the  moon  passes  the  conjunction,  or  becomes  new.  near  to 
the  node,  she  eclipses  the  sun,  and  when  she  is  full,  or  in  opposition^ 
in  similar  circunistauces,  she  herself  enters  the  earth's  shadow.  Hie 
earth's  shadow  consists  of  two  jparls^  the  true  shadow^  within  which 
none  of  the  sun's  surftce  is  visible,  and  the  penumbra,  which  is  de* 
pivf  <t  of  a  part  only  of  the  sun's  light ;  the  true  shadow  forms  a 
cone  terminating  in  a  point  at  a  little  more  than  8|  times  the  mean 
distance  of  the  moon ;  the  penumbra,  on  the  contrary,  constitutes^ 
together  with  the  shadow,  a  portion  of  a  cone  diverging  from  the 
earth  without  limit;  but  the  only  eflfect  of  this  imperfect  shadow  is^ 
that  it  causes  the  beghining  of  a  luqar  eclipse  to  be  incapable  of 
very  precise  determination ;  for  the  limit  of  the  darkened  part  of  the 
moon,  as  it  appean  in  the  progress  of  the  eclipse,  is  that  of  the  true 
shadow,  very  little  enlarged  by  the  penumbra.  The  true  shadow, 
where  the  moon  crosses  it,  is  about  80  minutes  in  diameter,  as  seen 
from  the  earth,  while  the  moon  herself  is  only  30«  This  shadow  is 
not,  however,  wholly  deprived  of  the  sun's  light;  for  the  atmospheric 
refraction  inflects  the  light  passing  nearest  to  the  earth,  in  an  angle 
of  66  minutes,  and  causes  a  great  part  of  the  shadow  to  be  filled 
with  light  of  a  ruddy  hue,  by  means  of  which  the  moon  remains 
still  vbibk  to  us,  the  cone  of  total  darkness  extending  to  somewhat 
kss  than  two-thirds  of  the  moon's  distance.  But  it  has  sometimes 
happened,  probably  from  the  eflect  of  clouds  occupying  the  greatest 
part  of  our  atmoaphere,  that  the  moon  has  totally  disappeared* 
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poawtlnw*  dwcfrM  at  the  margio.  hef^m  xht  actual  ancnkm  tf  1 
the  fuit.     Tht  Anf**  of  darkmM  dtpeixt*  on  tlw  •Uuatioii  of  wi   \ 
|ilaccof  ohwrVMliua  williiu  the  «ba<Iow,oii  account  of  ihr  i^rvNtrr 
lew  {Iluminalion  of  tli«  atmosplicrc  within  vi«w  ;  loinf  limn  a  ra 
iMerabl«  niunbcr  of  slan  may  be  seen  during  a  tulal  ccli|Mc  of  tW 
mm, 

"Ua  obfioos  (hal,  nnce  the  eartii  ii  mucli  Iar|«r  ll)aii  llic  nioon,   I 
iW  whole   abadow  of  the  moon  ivill  onlji  pass  over  a  pan  of  tM  -j 
CUtfa^  wriicc  ;  and  tliat  do  solar  rclipse  can  be  visible  Iti  the  wholt  ] 
of  tbe  bemispbere  lumed  to  (he  sun:  while  InDar  ecll|Mes.  on  tli  i 
eofitnry,  present  the  same  appeamnce  whertver  the  moon  it  visibilL  i 
Id  tbe  aiae  maimer,  to  a  spectator  on  Uie  moon,  an  ecli|i«e  of  tlU  ( 
cmnb,  or  t  transit  of  the  moon's  shadow  over  the  earth's  disr,  would 
liave  Mart;  the  same  appearance  wherever  he  might  be  statiMied; 
butaned^Mc  of  the  suu  bj'  the  earlh  would  be  total  tolhni  part  of 
the  moon't  surface  only,  which  to  us  a[i|M-ars  dark  at  llie  same  tiniCi 

"The  moon's  nodea  arrive  very  nearly  at  the  same  titnation  witb 
reaped  lo  the  earth  after  2^3  lunaliuDS,  or  revolutions  of  the  moon, 
which  ate  performed  in  1 8  years  of  365  days  each,  19  ditys,  7  hour^ 
aod  *Si  mbiiles ;  so  that  after  a  period  of  about  18  years,  the  se* 
rie*  of  eclipses  recommences  neariy  in  the  same  order,  lliis  dt- 
cuDDstance  was  observed  by  the  ancients,  and  is  mentioned  by  Pto- 
lemy and  by  Pliny.  When  the  full  moon  happens  within  77*«f  tfaa 
node,  there  must  be  a  lunar  eclipse,  and  there  may  be  an  eclipse  at 
(he  diittuceof  13"tirom  the  node.  Ao  eclipse  of  the  lun  may  bapptn 
when  the  moon  cbaages,  or  comes  inlo  conjunction  with  the  son,  at 
•ay  distance  wilhin  17^  of  the  node,  lite  mean  number  of  eclipsea 
which  occui  in  a  year  is  about  4 ;  and  there  are  sometimes  as  many 
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■a  7;.  there  iDustneceaKmly  be  two-solaf  ecliptes,  but  it  fg  poiiihk 
tbit  there  roiy not  be  even  one  lomr.  laipeakuigof.tbe  magpi*. 
fade  of  the  .put  of  Ihe  sun  or.  nioon  eclipied,  it  is  usual*  to.comid^ 
Ibe  whole  diameter  as  dividpd  into  twelve  parts,  called  diigits»  each, 
of  which  contains  thirty  minutes ;  thus  if  oQirfifth  .part,of  the  dia- 
meter were  dark*  the  extent  of  the  e^ipie  wo^ld  be  called  2  digita, 
12  minutes. 

•*  The  moon  trayeb  tlirongh  the  het^ven*  with  a  niotioii  contrarj  ti^ 
their  appareat  diurnal  revolutiop*  flence  she  rises  a^d  Mts»  on  a^ 
average,  about  three,  quartets  of  an  hour  later  every,  dity.  Tb^ 
least  possible  difl^jreiice.  betw.^en  the  tifues.  of  the  moon's  rising  i^ 
two  successive  days;,^  is»  ,in  London,  IJ  nunutes;  and thb  ciocojgji- 
stance  occurs  on^  in  about  19  years,  which  is  nearly  ^  period  o( 
the  moon's  uodes.  with  respect  to  the  heavens ;  the  greatest  possibly 
difierenoe  is,l  houi:  17  ipinutes*  But  it  happena  every  month  that 
thr  differaace  becomes  greater  and  leis  by  tums»  and  wJhep  the  least 
difference'  is  at  the  time  of  the  full  moon,  it  is  usually  called  th^ 
harvest  moQi|.  In  parts  nearer  to  tbte.polei^  the  jnoon  often  oies 
at  the  same  hour  on  two  succeedmg  days. 

«'  The  ecfipses  of  the  satellites  of  Jupiter  CKhibit  appearaooea  ea* 
tremely  mteresting  for  their  utility  in  identifying  the  sa^ia  VMjbttt 
of  time  m  different  |riaces.  On  accomt  of  the  small  inclination  oC 
their  orbits  to  the  plane  of  Jupiter's,  prbit^the  first  thirc^  never  pasp 
the  shadow  without  being  plunged  into  it*  and  the  fpiv(t)i  b.ut  aeir 
dom;  while  thoM.of  Saturn  are  ^Mfh  less  frequently  liable  tp.bf 
eclipsed,  on  account  of  their  greater  deviation  from  the  pMmp.  of  hip 
ecliptic.  These  satellites  are  al^o  frequently  hiddeq  behind  thf 
body  of  the  planet,  and  this  circnmstance  coiistitutes  an  occulta* 
tion  ;  hence  it  happens  that  we  can  ^ever  see  both  the  imuMcnion  of 
the  first  satellite  into  the  shadow  of  Jupiter,  and  its  emersion  from 
it;  but  both  the  immersion  and  emenion  of  the  three  outer  satelr 
lires  are  sometimes  observable.  Hie  ring  of  Saturn  exhibits  a  variety 
of  forms  according  to  its  angular  position ;  it  disfippears  to  con^ 
moo  observation  when  either  its  edge  or  its  dark  M/t  u  presented 
to  us ;  but  to  Dr«  Herachel's  telescopes  it  never  becofnes  invisible; 
the  light  reflected  from  the  planet  being  probably  sufficient  fof  iUif» 
miuatiug  m  some  measure  the  side  not  exposed  to  the  aun's  diie^ 

rays.— Nat  PhiL  VoL  I.  pw  627. 


■TAH    TISI-BLB    IN   LO^IDOX.  20S 

IftaloliUecliiwrirfitiesaB,  ISMiiy.  1706,  astnakoflightwM 
ofaMTvad  t/  ot't'  bcfom  the  *un'i  ditc ;  bcnce  Flunslnd  infaiv 
K  Uuwr  ■laiM|>b»«  -^tli  of  the  mooa't  dianeUr  in  \ta%\>\ :  bnl 
tbn  oiighl  ta*e  b«cn  Crom  oblique  reflection. — PhiU  Tnva,  1706.  ' 
Dnji^  « toMi  KlitM  of  tUe  moon,  UHm  obMrved  iliai  ilieis 
wn  ■  gml  appeaniKe  of  Mflit  round  the  moon,  wbicb  teemed  to 
bc^ptaledi  aad  emitted  isys  to  the  dntsnce  of  8  diameter:  it  wm 
peddirfi  aext  Ihe  moon,  tben  jellowiib.  Start  of  ibe  finl  and  m« 
coad  nagntlnde  were  seen,  titoae  of  tbe  first  for  about  4  iuinule« 
A  miwilr  and  a  qnarler  before  the  emersion,  a  small  point  ttaa 
liiiWi  acv  the  disc  of  the  moon.  From  the  ruddy  colour  of  Iba 
Efb(«  lb«  ring  b  referred  to  the  moon's  ■tmospbere  ;  the  spot  toa  - 
Cmbiv  id  tbe  moon's  subslsnce.  Such  a  fiaure  must  have  ben 
■iMra  40  mrle*  in  df|)th.~Phil.  Trans.  1779. 

Tbr  Kgjptiaiis  reckoned  by  yean  of  36^  days;   Hippaicbus  and 
Ptttlmy  tnploy  tbe  same  method,     in  A  J).  940,  Ibe  hrsi  day  of   I 
lbcEflyplia«  fm,  wnis  the  lir^l  of  January;  another  Egyptian  yoV   I 
b«gM>  fli  December.     In  the  new  stile,   10  Avy%  were  omitted  ia'  j 
IMl;  before  tfan  time,   each   century  contained   36^S5  daj-s.-^- 1 


To  fidd  tbe  prime  number,  sometimes  called  the  solar  cycle,  adiji 
^aad  diride  by  29;  the  indiction,  add  3  and  divide  by  13.  Ad4 
M*  tJie  year  and  divide  by  19,  ibe  remainder  is  the  golden  number. 
Ilk*  1  from  the  golden  onmber,  multiply  by  1 1,  and  divide  by  30, 
tta  teaaiwler  b  tbe  epact,  or  flie  moon*t  age,  on  tbe  Knt  of  Jaui^ 

laMtnaonia)  langutfc,  1  iu,  1805,  6  o'clock  A.M.  it  lE04f 
Dec  Sid.  ISk.— Licbteuberg. 


CHAP.  XXIII.  ^ 

tIABS    TISIBLK    I»    LONDON,     INCLVniNC    ALL  OF  THB 
FIRST  AND  SZCOMD  1IAGN1TUD2. 


WtiSH  a  sphericat  surface  has  been  projected  on  a  plane,  it  bas 
becD  uiual  10  coiuidei  it  a  viewed  from  a  particular  point,  either 
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■ifinitdy  reruolc,  a*  in  llie  ortliograpliical  projection,  or  lituatcd  in 
'the  oppomle  turface  of  tlie  sphoK,  bs  hi  the  slcreographical.  The ' 
hllcr  RiPllimt  prodiicM  tW  least  distortion,  uid  is  the  ntosi  com- 
monlv  umkI,  l)ul  ewn  lirre,  at  llie  rxlreniilies  of  Ihe  bcniispbpre, 
Ihc  scale  is  twice  a*  greal  aa  in  llie  niitklle.  Soibetimes  uiolher 
principle  n  employed,  and  the  lienu-iphere  »  divided  intn  legnKats 
by  omitting  portions  in  the  directions  of  their  radii,  bi  if  the  piprr 
were  intended  to  be  Axed  on  a  gluhe ;  and  iu  the  tame  form  ai  if  « 
Ipherical  turliMe  mere  cut  in  the  direction  of  its  meridiani^  and 
^tread  on  a  |danr.  II'  the  number  of  these  divitiont  be  incmiMd 
williout  limit,  (he  icndt  will  be  the  projeciion,  which  is  ewployed 
iD  llie  circular  part  of  this  diagram,  and  in  the  umc  maiuier  Ibe 
Moe  00  each  side  llw  ctguinoctial,  being  cut  Open  b;r  innumersble 
divitions,  so  as  to  be  spread  oa  b  plane,  will  coiitcide  witli  Ihe  Iwo 
Hnaining  potlion».  By  these  means  the  dialortion  bectmies  incon- 
lidcrable.  In  the  comniOD  slereognpbical  projection  indeed,  iha 
dnlortion  would  be  of  no  consequence,  if  it  reprcsenled  alwayi 
ilioM:  itars  only,  which  are  at  once  above  the  horiion  of  a  gireo 

I  -place,  for  we  actunlly  imegiue  the  stars  ip  the  leiiilh  to  be  much 
iWiirer  tn§;vllierj  than  wlieu  lliey  are  nearer  the  borizon,  and  the 
^lure  would  appear  lo  agree  very  well  with  the  originnl;  but  their 
Ipositions  being  continuKlly  changing,  th«  iaconTenieuc«  rrinaini. 

I  .<  It  is  not  liowever,  necessary,  in  projections  of  the  stars,  (o  refer 
•them  in  any  insliince  to  a  ^>herical  wirliue.     Among  Dopfileraayerli 

I  'cfaarls,  published  at  Nuremberg,  there  are  six  which  represent  the 
ides  of  a  cube,  on  which  Ihe  various  [>arts  of  the  conslellaiiDni  arv 

[  ffttpreseuted  ;  llie  eye  being  probably  supposed  to  betilualed  in  the 
centre.  Funck  and  otiiera  have  represented  the  stars  as  prtgMtH 
on  the  inside  of  two  Ant  cones.  But  the  moat  convenient  rcpt«tent- 
aiion  of  this  kind,  and  which  would  approach  very  near  to  the  pn>- 

[  jeclion  here  employed,  would  be  lo  consider  ihe  eye  as  placed  in 
e  centre  of  a  hollow  eylindcr,  so  proporlioned  that  all  the  cir* 
mpolar  stars  should  be  represented  on  one  of  its  flat  ends,  and  all 

pNhoie  which  rise  and  set  on  its  concave  snrface;  orif  it  wcredctired 

tu  have  a  division  without  referring  lo  any  particular  latitude,  Ibe 

J^  circniar  part  might  extend  to  tbe  limits  of  the  zodiac,  and  the  pt< 

P  nllelognun,  into  which  the  cylinder  unfolds,  might  coniprehcw)  all 
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FaoM  Urn  pwcrfbt  ttwiitiwwt  a  1m  wJkiiiUj  ippMawijlwt 
tfca  JwrnmMwf  itefi>  tht  fccM  of  aU  iht  aiiiio««C:tlM 
iMvody  bodifib  wtJtM  ■!»■  iU  ub  ia  lMK^|bii«  tt^t.^i^  • 
l^lf. .  Ill  jwiftce  ii  eofcrad  vUi  m  oociB  of  JMnM^fp^, 
whose  active  effenrcioeDoa  §oam  faikUe  qpotSp  ofteo  very  nomer- 
ojm^  and  sometioies  laigerlhuitlieaaitli.  Abova  tbisoecaocxHls 
an  immeiue  atnMMpiMRb  m  vUdi  the  phoMti^  with  their  ntellite^ 
move,  m  orbits  aeaiiy  th|.ihr»  apt  n  pbnesBltle  indiDcd  to  the 
ecliptic  lonuawnUe  coaMte,  alter  bavng  approarbed  the  tun, 
remove  to  dist^^ieeip  which  oriace  that  hit  eaqiof  eateods  beyond 
the  known  iiroiti  of  the  planet^  qfitaai.  Thk  ^minary  not  only 
acts  by  its  attraclpoB  apoa  ail  Iham  fkibeib  Md  coaipeb  them  to  move 
around  him,  but4Bqparts  to  tktm.  balh  i%|M  ajKl  beat ;  hb  beo%n 
mfluence  gives  birth  to  the  aaimaliiad  plaala  aphich  cover  the  sorftca 
of  the  earth,  and  analogy  indttCM  at  to  believe,  that  it  firoduces  tuni* 
lar  efiects  on  the  planets  |  £Mr,  it  ii  not  uatuial  to  suppoce  that 
aatiar.  <if  which  we  see  the  Jmmdity developilnif  k  Mchii(!oot 
wajs^ahoald  be Hedle apon  a-pleaet  ao  la^  as  iopteraJfAicb^ 
like  the  earth,  faatitsdayi*  its  nights^  aadUsican^  ando^^iich 
obserf atiua  diseovew  chmges  that  mdioile  vesy  aeliia  fcncei.  JKan. 
fonned  fiw  thfi  teaqpciatnre  which  Iw  atuojia  upoa  the  earthy  q>uld 
not.  aecoiding  to  all  qipeanmoe,  live  pfoa  the  other  pbaali;;  bat 
ought  theia  not  to  be  a  diversity  of  orguiiiation  sailed  lothe  fa|ioas 
tempeiatares  of  the  globci  of  this  naiversel  If  the  diffrw|ik  of 
elements  and  climates  alone^  canses  sach  variety  m  the  piodpe^ons 
of  the  earth,  how  infinitely  diversified  must  be  the  producidons  of 
the  planets  and  their  satellites  ?  The  most  active  imaginatioa  can- 
not form  any  just  idea  of  them,  but  still  their  existence  b  eitiemely 
probable. 

.  However  arbitrary  the  system  of  the  planets  may  be,  there  exists 
^between  them  soma  ? cry  remarkable  lelations^  which  may  tiirow 


'■l^  «•  tbcAr  vnpa ;  wwehriog  tlwai  with  ■Itratimi,  m  sre  «. 

•l—ilhtil  la  tw  an  Ibe  planets  moK  rouud  ihe  Son  tram  ttMl  to 
MUt.  Md  Mart;  m  (be  niiM  fAaac  all  lite  satellilH  monng  rmuid 
tfa«tf  Ripcctire  plBDCU  in  Um  9Ud«  directioa,  and  iwarlv  i*  tb«  Mne 
plw  vitb  thr  plaD«i9.  Luliy,  liie  aun,  the  planet),  »od  thnt 
MMMea  ia  which  a  nioUoo  of  rolatioa  bu  been  obKrvcd,  tan  m 
<b«il  0*0  nil,  in  the  same  direction,  and  ntatiy  in  the  iam«  plane 

'  M  ifctir  motion  of  projection. 

A  phenomenon  so  extraorifinary.  It  not  (he  efiec(  of  cbaooe ;  il 

-  indicate*  an  univcml  cause,  which  has  deterraiued  all  tbeso  motioiu. 

-  To  Bpprakiliia(e  MFDiewhat  totheprobableCKplanattouof  ihJinualr, 
w«  aboald  obierre  (hat  the  planetary  ivstem,  sucii  as  we  now  cen> 

'  mJcr  it,  it  composed  of  seven  planets,  and  fourteen  satellite*.  We 
'  ba«v  obMrred  the  relation  of  the  ma,  of  five  planets,  of  the  rnoou, 

-  af  Salinw's  ring,  and  of  his  farthest  satellite ;  these  mtttioiw  with 
tbece  of  revolution,  form  together  thirty  direct  movementi,  rathe 
•MM  direction.  If  we  conceive  the  plane  of  any  direct  ntottnn 
whMever,  coinciding  at  first  with  that  of  the  ecliptic,  anerwards 
{■diDing  itself  towards  this  last  plane,  and  passing  over  all  the  de- 

-  nice*  of  inclination,  (ram  zero  to  half  the  citcnmference ;  it  is  clear 
liMt  the  motion  will  be  direct  in  all  its  inferior  inclinations  loahun* 

■  4r«d  defrees,  and  (hat  it  will  be  relri^rade  in  its  indinatiou  beyond 
that ;  *o  that,  by  the  change  of  inclinaiion  alone,  the  direct  and 

■  retrograde  motions  of  the  sotar  system,  can  be  represented.  Beheld 
'  in  (his  point  of  view,  we  may  reckon  twenty-nine  motions,  of  which 

-  th*  ptiBea  are  inclmed  to  that  of  the  earth,  at  most  ^lli  nf  (he  cir- 
ouDfcrcoce ;  but,  supposing  tlieir  inclinations  bad  been  (he  effect  of 
rlnnw,  Ifeey  would  have  exteitded  to  half  (he  circumference,  and 

'  the  pr«klbiNty  that  one  of  them  would  have  exceeded  the  ifuarlcr, 
'  would  be  I— A.  or  MSi^SIU-  I*  '*  "'«"  "Iremely  prDhahlc, 
Ibal  rite  direction  of  the  i^aoetary  motion  11  not  Hie  etfect  of  chance, 

■  and  thb  becomes  still  more  probable,  if  we  consider  that  the  indi- 
■atiofi  of  the  greatest  number  of  these  motions  to  tlie  ecliptic,  is 
WTf  snatl,  and  much  less  than  a  quarter  of  the  circumference. 

'  Another  phenomenon  of  the  solar  system  equally  remarkable,  is 
thesmatlecMntrieity  of  the  orbits  of  the  planets  and  their  satellites 

-  whfle  those  of  comets  are  much  extended.  The  orbiu  of  ika 
tfttem  vtfet  no  intermediate  shades  between  a  great  and  small  ci- 
ocstxictty.    Wk  are  here  a|aiD  compelled  to  ichnowledge  the  «Cect 
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of  I  regular  cause;  chancr  kIom  could  not  bav«  given  ■  form  newlgr 
,  circular,  to  the  orbits  of  all  iIk  ptancte.  This  cause  then  must  •!■> 
I  liHve  influenced  tlie  great  eccentricity  uf  tbe  orbiti  of  comels,  and, 
-  »1i8t  is  very  etiniotiliiiary,  witliout  having  any  influence  on  tbe  d>- 
.Rction  oflheir  motion:  for,  in  observing  tlie  orbits  of  letr^rade 
,  comets,  lu  being  inclined  more  than  100^  to  the  ecliptic,  we  find 

■  Ibai  the  mean  indiuation  of  tlie  orbits  of  all  the  obsened  conteti, 
'      approaches  near  to  lOO',  which  would  be  tbe  case  if  the  bodiea  bad 

■  been  projected  at  raudom. 

Tlius,  to  investigate  the  cause  of  the  primitive  motiona  of  tbe 

^lilanels,  we  have  given  tlic  live  following  pliviiomena:  Is),  The  mo- 

I    .  lions  of  planets  in  the  same  direcliun,  and  nearly  in  llie  same  plaue. 

I      ad,  The  muiion  of  their  satellites  in  the  same  direclion,  and  neailj 

I    ,.iu  the  Mnie  plane  with  those  of  the  planets.    8d,  The  motion  of 

,  rotmion  of  (hew  diflerent  bodies,  and  of  tlie  sun  in  the  same  direc- 

I    .  tion  ai  their  motion  of  projection,  and  in  planes  but  little  differcnta 

.    .  4lh,  Tlic  siubH  eccentrieity  of  the  orbits  of  tlie  plauets,  and  of  their 

.  •aieililea.     5lh,  Tbe  great  eccentricity  of  ttie  orbits   of  camett^ 

.  although  their  inclinatiotu  may  have  been  left  to  chance. 

Bullbn  is  the  only  one  whom  I  have  ImowD,  who,  since  the  diico* 
.  very  of  ibe  true  system  of  the  world,  bai  endeavoutsd  to  investigate 

■  the  origui  of  the  planeU,  and  of  their  satellites.     He  supposes  Ihat 
t  ft  couel,  ill  tailing  from  the  sun,  may  have  driven  off  a  lorruit  of 

I  I  matter,  which  united  itself  at  a  distance,  uito  various  globes,  gie«tct 
,  or  smaller,  and  luore  or  less  distant  from  tliu  luminary.  Tbeae 
.  globes  are  the  planets  and  saleUites.  which,  by  tbeir  cooliug.  are  be- 
came opaque  and  soMd. 

This  hypolhesi*  accounts  for  the  fint  of  tbe  live  preceding  ph» 

DOiiicna;  for,  it  is  dear  that  all  bodies  thus  formed,  must  mov« 

nearly  in  the  plane  which  passes  through  llic  centre  of  tlie  sua,  and 

in  tlic  direclion  of  the  torrent  of  matter  which  produces  them.   The 

four  otiicr  plivnomeoa  ai^)eara  to  me  itiexplicable  by  )m  theory,   ia 

fact,  the  absolute  motion  of  the  partides  of  a  planet  would  then  be 

in  tlie  same  direction  of  llie  motion  of  its  ceutre  of  gravity;  but  it 

I  ,  docs  not  fallow  that  the  rotalioo  of  the  planet  would  be  b  tbe 

_  tame  ditection.    Tlius.  the  earth  may  tutu  from  west  to  east,  aad 

f»t  (be  absolute  direction  of  each  of  its  partides  may  be  firom  cast 

What  I  say  of  the  rotatoiy  motion  of  tbe  planets,  is  equally 


It  to  the  motiop  9f  tb^ilMtellitea  id  tl)ei[,^jt^  ,f^, 


"^ 
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Uie  dir«ctino  in  the  bypothesis  lie  adopts,  is  not  necessarily  (he  samt 
wifb  the  projectile  motion  of  lite  planets. 

T1>F  Mtitl  eccentricity  in  Ilie  luolion  of  tlic  planelan'  orlilts,  it 
Hut  only  fcry  ditiicult  lo  expliiin  on  tbis  li^-polheiis,  but  lite  pbeno* 
uinioD  contradicts  it.  We  know-  by  tbe  theory  of  central  forces, 
tbu  if  ■  body  moving  in  an  orbit  round  tbe  sun,  tnachcd  the  s 
Aoe  of  tltu  luniiniiry,  it  would  unilornily  return  to  it  at  tbe  coin> 
jletioa  of  eacb  revolution ;  from  whence  it  follows,  that  if  tl 
plaoet»  had  originally  been  delacbed  from  the  Sun,  tbey  would 
kire  touched  it  lit  every  revolution,  and  Iheir  orbits,  far  from  beinf.  i 
drcuUr,  would  be  very  eccentric.  It  is  true,  that  a  torrent  <^  ' 
■alter,  icnl  ofl'  from  llie  sun,  cHiinol  correctly  be  compared  to  a.  { 
gtobc  wUicfa  iDiicbea  its  surfuce,  Tlie  impulse  which  the  parliclct 
•I  this  torrent  receive  trnni  one  another,  and  tbe  reciprocal  atlruo* 
exercised  among  them,  may  change  tbe  direction  of  their 
increase  their  perihelion  distances ;  hut  their  orbita 
uniforraly  become  very  eccentric,  or  at  leaat  it  must  be  a  very 
hance  that  would  give  ihem  eccentricities  so  small  as 
Ibaeof  U>e  plaucts.  In  a  word,  we  do  not  tee,  iu  this  hypothciis 
oT  BdRm,  wliy  die  orbits  of  about  eighty  comets,  already  obicrv. 
cat  are  alt  very  elliptical.  This  liy|iotheH»,  then,  is  far  from  bc> 
TifTHJng  for  the  preceding  pbeeoomeiia.  Let  us  see  if  it  is  possible 
IB  mrm  M  their  true  cause. 

Wbstever  be  llie  nature  of  this  cause,  since  it  has  produced  or  di* 
'ItcUd  tbe  notion  of  the  planets  aud  iheir  nalelliles,  it  must  have 
all  lliese  bodies ;  and  considering  tbe  prodigious  distauoe 
mteslhem,  it  can  only  be  a  fluid  of  imineuseeKtent.  To 
•  in  tlie  same  direction,  a  motion  nearly  circular  round* 
the  sen,  tint  fluid  must  have  surrounded  the  luminary  like  an  aU 
Thb  view,  Iherelbre,  of  planetary  motion,  leads  us  la 
io  consequence  of  excessive  heat,  the  atmosphere  of  tbe, 
■mm  ortginlly  extended  beyond  the  orbits  of  all  llie  planets,  and. 
Ihal  it  Lea  gradually  contracted  itself  to  its  prcunl  UmitN,  which 
My  have  taken  place  from  causes  similar  to  lliosc  which  made  ~ 
Vk  &inoui  star  that  suddenly  appeared  in  1 57'2,  iu  llic  coustelluiiua 
Cutiapeia,  shine  with  the  most  brilliant   splendour  during  many 


The  great  eccentricity  of  the  orbits  of  comets,  leads  ... 
tmk;  il  evidently  iudicaies  the  disapiiea ranee  of  a  gr<;al 
tot_t. 


the  s 
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of  orbits  len  ecefiitric»  wbich  iRtimatet  m  atmospUere  round  tUe 
bun^  cxteudiuj;  beyond  the  peribeluwi  of  obiervable  cometA;  and 
uri^ichi  ill  destio>iug  |hc  xnotioa  of  those  wbieb  have  travffsed 
il  io  a  duration  of  such  exleol,  has  io*mvt€d  them  to  the  son* 
Thus»  we  see  that  there  cao  at  preseqt  ogly  exist  such  <»inet$  as 
Here  beyond  this  limit  at  that  period-  And  as  we  cau  observe  oo^ 
those  which  in  their  perihelion  approach  near  the  supj  their  orbits 
must  be  y&y  eccentric :  but»  at  the  same  time,  it  is  evident  that 
their  indiuations  must  present  the  same  inequalities  as  if  the  bodiss 
had  been  sent  off  at  random,  since  the  solar  atmosphere  has  up 
iofloence  over  theu*  motions.  Tlius,  the  long  period  of  the  re voln* 
tions  of  comets,  the  great  eccentricity  of  tl^ir  ocbitSf  and  Ibf 
variety  of  their  uclrnatioas,  are  very  naturaUy  exphioed  by  mwis 
of  this  atmosphere. 

But  bow  has  it  determined  the  motions  of  revolution  and  rotation 
of  the  pbmetat  If  these  bodies  had  penetrated  this  fluids  its  resist* 
ance  would  have  caused  them  to  fall  into  the  sun.  We  may  thco 
coi\jecture9  that  they  have  been  formed  at  the  successive  boimd^  of 
this  atmosphere,  by  the  condensation  of  smne^  which  it  must  have 
abandoned  in  the  plane  of  its  equator,  and  in  becoming  coU  ktat 
condensed  themselves  towards  the  surface  of  this  luminary.  Qne 
may  likewise  conjecture,  that  the  satellites,  have  beeo  formed  in  a 
similar  way  by  the  atmosphere  of  the  planets.  The  five  phssno- 
iiieiia»  explained  above,  naturally  result  from  this  hypothesis, 
to  which  the  rings  of  Saturn  add  an  additional  degree  of  probih 
bility. 

Whatever  may  have  been  the  origin  of  this  arrangement  of  the 
planetary  system,  which  I  offer  with  that  distrust  which  every  thkg 
ought  to  inspire  that  b  not  the  result  of  observation  or  calculation; 
it  is  certain  that  its  elements  are  so  arranged,  tliat  it  must  poocis 
the  greatest  stability,  if  future  observations  do  not  disturb  it. 
Through  this  cause  alone,  that  the  motions  of  planets  and  satellites 
are  nearly  circular,  and  impelled  in  the  same  direction,  and  ia 
planes  differing  but  little  from  each  other,  it  arises  that  this,  syslen 
can  onlv  oscillate  to  a  certain  extent,  from  whidi  its  deviation  nwst 
be  extremely  limited ;  the  mean  motions  of  rotation  and  revolutiou 
of  these  different  bodies  are  uniform,  and  their  mean  distances  to  the 
foci  of  the  principal  forces  which  animate  them,  are  uniform.  It 
seems  that  nature  has  disposed  every  thing  m  the  heavens  to  ii 
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the  duratioii  of  the  srftem  by  views  similar  to  those  which  she 
•ppears  to  us  so  admirably  to  follow  upoo  the  earthy  to  preserve  tlie 
individual  and  insure  the  perpetuity  of  the  species. 

Let  us  DOW  look  beyond  the  solar  system.  Innumerable  suns» 
which  may  be  the  foci  of  as  mau\  planetary  systems,  are  spread  out 
in  tlie  immensity  of  space,  and  at  such  a  distance  fmm  the  eartli, 
that  the  entire  diameter  of  it,  seen  from  tlieir  centre,  is  iusensibfc^. 
Many  stars  experience  both  in  their  colour  and  splendour,  periodi- 
cal variations,  very  remarkable ;  there  are  some  which  have 
appeared  all  at  once,  and  disappeared  after  having  for  bonie  time 
ifMead  a  brilliant  light.  What  prodigious  change  must  have  ope- 
tatcd  on  the  surface  of  these  great  bodies,  to  be  thus  sensible  at  the 
di^ance  which  separates  them  from  us,  and  how  much  they  must 
eueed  those  which  we  observe  on  the  surface  of  the  sun?  All  these 
bocfies  which  are  become  invisible,  remain  in  the  same  place  where 
they  were  obsened,  since  there  was  no  change  dnring  the  time  of 
their  appearance;  there  exist  then  m  space  obscure  bodies  as  cousi- 
derabley  and  perhaps  as  numerous  as  the  stan.  A  luminous  star,  of 
thesaaM  density  as  the  earth,  and  whose  diameter  should  be  two 
hmdred  ted  fifH-  times  larger  than  that  of  the  sun,  would  not^  In 
cooscqaence  of  its  attraction,  allow  any  of  its  rays  to  arrive  at  us; 
it  is  therefore  possible  that  the  largest  lumiuous  bodies  in  the  uni- 
verse,  noay,  through  this  cause,  be  invisible.  A  star,  which,  without 
beine  of  this  magnitude,  should  yet  considerably  surpass  the  sun, 
wouM  perceptibly  weaken  the  velocity  of  its  light,  and  thus  augment 
the  citent  of  its  aberration.  This  dilference  in  the  aberration  of 
Stan  and  their  bitoation,  observed  at  the  moment  of  their  transient 
splendoor,  the  determination  of  all  the  changeable  stars,  and  the 
periodical  variations  of  their  light ;  in  a  word,  the  motions  peculiar 
to  all  those  great  bodies,  which,  mfluenced  by  their  mutna!  attrac* 
tiou,  and  probably  by  their  priniitK-e  impulses,  descrilie  immense 
orbits  shoold,  relatively  to  the  stars,  be  the  principal  objects  of 
fntore  astronomv. 

m 

It  appears  that  these  stars,  far  from  l>eiiig  disseminated  at  dis** 
taaoea  nemrly  equal  in  space,  are  united  in  various  groups,  each  con- 
sisting of  many  millions  of  stars.  Our  sun,  and  tlie  most  brilliant 
stars,  probably  make  part  of  one  of  these  groups,  which,  seen  from 
the  point  wber^  we  are,  seems  to  encircle  the  heavens,  and  forms  tlicf 
milky  wav.    The  grtot  number  of  star^  which  arc  ^een  arf  once  iu 

P2 
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the  field  of  a  large  telescope^  directed  towards  this  way«  proves  iCt 
immense  depths  which  surpasses  a  thousand  times  the  distance  of 
Sirius  from  the  earth ;  as  it  recedes,  it  terminates,  bj  presenting  tlie 
appearance  of  a  white  and  continued  light  of  small  diameter;  for 
then,  tlie  irradiation  which  exists  even  in  the  most  powerful  tele- 
scopes, covers  and  obscures  the  intervals  between  the  stars.  It  is 
then  probable^  that  those  nebulae,  without  distinct  stars,  are  groups 
of  stars  seen  from  a  dbtancc,  and  which,  if  approached^  would 
present  appearances  similar  to  the  milky  way. 

Tlie  relative  distances  of  the  stars  which  form  each  group,  are  at 
least  a  hundred  thousand  times  greater  tlian  the  distance  of  the  sun 
from  tlie  earth.  Thus»  we  may  judge  of  the  prodigious  extent  of 
these  groups,  by  the  number  of  stars  which  are  perceived  in  the 
milky  way :  if  we  afterwards  reflect  on  the  small  extent  and  infinite 
number  of  nebulas  which  are  separated  from  one  another  by  an 
interval  incomparably  greater  than  the  relative  distance  of  the  stars 
of  which  ihcy  are  formed ;  the  imagination,  lost  in  the  immensity 
of  the  universe,  will  have  difficulty  to  conceive  its  bounds. 

From  these  considerations,  founded  on  telescopic  observationsi  it 
follows^  that  luibulx,  which  appear  so  well  defined^  that  their 
centres  can  be  precisely  determined,  are,  with  regard  to  bsi,  tbt 
celestial  objects  most  fixed,  and  those  to  which  it  is  best  to  refer  the 
situation  of  ail  the  stars.  It  follows  then,  that  the  motions  of  the 
bodies  of  our  solar  system  are  very  complicated.  The  moon  de- 
scribes an  orbit  nearly  circular  around  the  earth;  but,  seen  from 
the  sun,  she  describes  a  series  of  epicycloids,  of  which  the  centres 
are  on  the  circumference  of  tlie  terrestrial  orbit.  In  like  manner, 
the  earth  describes  a  series  of  epicycloids,  of  which  the  centres  an 
on  the  arch  which  tlie  sun  describes  around  the  ceiHre  of  gravity  of 
our  nebulse ;  finally,  the  sun  himself  describes  a  series  of  epicycloid^ 
of  which  the  centres  are  on  the  arch  described  by  the  centre  of  gra- 
vity of  our  nebuls  around  that  of  the  universe*  Astronomy  has 
already  made  one  great  step  in  making  us  acquainted  with  the  motion 
of  the  earth,  and  the  series  of  epicycles  which  the  moon  and  the 
satellites  describe  upon  the  orbits  of  the  planets.  It  remains  to  de- 
tenninethe  orbit  of  tlie  sun,  and  the  centre  of  gravity  of  its  nebulse; 
but,  if  ages  wcK  necessary  to  become  acquainted  with  the  motions 
of  the  planetary  system,  what  a  prodigious  duration  of  time  will  it 
requift  to  determine  the  motions  of  the  sun  and  stars  t  Observa* 
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Ikw  bcgpos  *o  icmki  them  percepUble ;  in  mttempt  has  been  made 
to  csplain  thra  by  a  change  of  poskion  in  the  sun.  indicated  by  its 
ffotmtory  BotipoL  Many  obseiradoos  ate  sufficiently  well  explained* 
by  snppoMig  the  sobr  system  earned  towards  the  constellation 
HrreuleSb  Other  obsenaliuns  seem  to  prove,  that  these  apparent 
aiotions  of  the  stars  are  a  combination  of  their  real  motion 
with  that  of  the  son.  Upon  thb  subject,  time  will  discover  curious 
and  kaportant  bets. 

There  still  remains  nameroos  discoTeries  to  be  made  in  our  o«n 
system.  The  pbnet  Uranus  ami  its  satelUtesj  but  lately  known  to 
aSp  leave  room  to  suspect  the  existence  of  other  i^aiiets*  hitherto 
■nobsenred.  We  cannot  yet  determine  the  rotatory  motion,  or  the 
iattming  of  many  of  the  planets  and  the  greatest  part  of  their 
aleUilcsL  We  know  not,  with  sufficient  precision,  the  density  of  all 
thcw  bodies.  The  theory  of  their  motions  is  a  series  of  approxima* 
tiani^  whose  convergence  depends,  at  the  same  time,  on  the  perfec* 
tin  of  our  instnimeiits,  and  the  progress  of  analysis,  and  which  must, 
by  these  means,  diily  acquire  new  degrees  of  correctneu.  By  ac- 
cnalc  and  repeated  measurement,  the  inequalities  in  the  figure  of 
the  caith,  and  the  variation  of  weight  on  its  surface,  will  be  deter* 
mjnedL  The  letum  of  comets,  already  observed,  new  comets  which 
nil  appear^  the  appearance  of  those,  which,  moving  in  hyperbolic 
orbtt^can  wander  from  system  to  system,  the  disturbance  all  those 
slaia  experience^  and  which,  at  the  approach  of  a  large  planet,  may 
CBtiiclj  ch|u^  their  orbits,  as  is  coqjectured  happened  by  the 
adiaR  of  Jupiter  on  the  comet  of  1770;  the  accidents,  that  the 
pioaimity,  and  even  the  shock  of  these  bodies,  may  occasion  in  the 
planetSg  and  in  the  satellites:  in  a  word,  the  changes  which  the 
noCioM  of  the  solar  system  experience  with  respect  to  the  stars ; 
sadi  RM  the  principal  objects  which  the  system  presents  to  astrono- 
HBcnl  fCifafches,  and  future  geometricians, 

Coatenplated  as  one  grand  whole,  astronomy  is  the  most  beau* 
tifid  nsoonment  of  the  human  mhid ;  the  noUest  record  of  its 
inlciligence.  Seduced  by  the  illusions  of  the  senses,  and  of  self* 
kive,  RMn  considered  himself  for  a  long  lime  as  the  centre  of  the 
natioR  of  the  celestial  bodies,  and  his  pride  %vas  justly  punisbe<l  by 
the  vain  terrors  they  inspired.  The  labogr  of  many  ages  has  at 
length  withdrawn  the  veil  which  covered  tlie  system,  Man  ap|)ean, 
apon  R  srirH  planet,  almost  imperceptible  in  the  f^ast  extent  of  the 
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solar  system,  itself  only  nn  inaeDsible  point  in  tht  immrniity  of 
space.  The  sublime  results  to  whicb  this  discovery  has  led^  may 
console  him  for  the  limited  place  assigned  him  in  the  universe.  Let 
us  carefully  preserve^  and  even  i|ugment  the  number  of  tliese 
sublime  discoveries,  which  form  the  delight  of  thinking  beings. 

They  have  rendered  impQrtant  services  to  navigation  and  astro- 
nomy ;  but  their  great  benefit  has  been  the  having  dissipated  |ht 
alarms  occa^^ioned  by  extraordinary  celestial  phaenomena^  and  de- 
stroyed the  errors  springing  from  the  ignorance  of  our  true  rehition 
with  nature ;  errors  so  much  the  more  fatal^  as  social  order  can  only 
rest  in  the  basb  of  these  relations.  Trvtu,  Josticb;  these  are 
its  immutable  laws.  Far  from  us  be  the  dangerous  maxim»  that  it 
is  sometimes  useful  to  mislead,  to  deceive^  and  ensla\'e  nankuMi, 
to  insure  their  happiness.  Cruel  eaperienoe  has  at  all  times  proved, 
that  with  impunity  then  sacred  laws  can  never  be  infringed. 

ILa  Place,  SjsUme  dm  Mwtk.'i 
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HISTORY  OF  SYSTEMATICAL  PHSYSICS. 


1  HOUGH  we  commonly  give  the  appellation  of  systems  to  thi  di 
fereut  suppositions  by  which  Ptolemy,  Copernicus  andTycho  Brakes 
have  endeavoured  to  account  for  the  course  of  the  heavens,  it  is  not 
what  we  now  mean  by  general  and  systematical  physics.  We  are  upon 
a  philosophy  which  undertakes  to  explain  the  profoimd  construction 
of  the  whole  universe.  The  project  is  noble :  four  or  five  celebrated 
philosophers  have  employed  themselves  in  it ;  they  have  made  riu* 
merous  parties,  and  many  disputes*  The  history  of  theur  preten- 
sious  may  determine  us  ui  the  dioice  of  the  best  side^  or  ui  remaining 
entirely  neuter. 

£picurus»  reviving  the  ideas  of  Leucippusand  Democritus,  thought 
he  very  well  comprehended  that  particles  of  matter  difiieient  in 
form,  having  subsisted  from  all  eternity,  had,  after  a  certain  tim^ 
linked  themselves  to  one  another  in  the  vacuum ;  that  some  pro- 
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cfediag  m  tfnieftt  Bh^  ib4  •then  m  cwr*!,  M  isir  ^lifimvt 
clmtvffS^  ad  CkbH  lM>fioiBd  sfvir^:  tto  the  Iree  i^ti  i  of  nan 
was  above  all^  ibe  «<rK  of  atoms  vbkk  Bowtf  fa  i  thdMiag  line : 
thm  chncettade  ilie  mb,  puiyk^  tbe  ctitk  ntablislivJ  ibe  or4<r 
whkft  miIimbU  in  h  * :  a4  frmed,  ost  of  ooe  ami  the  some  f^iste. 
the  «arM,  aad  the  Bfdfieot  beke,  «bkk  B  the  spectator  of  it :  that 
m  trv  not  fo  iaasioe  fht  txm  ra  Made  to  M^t  m^  or  o«r  em  to 


Aiitl.w  4»n  mC  ayytir  Is  kire  csirflAtd  »  6r  ai  is  Wrp 
■I !« <!■*  !•  the  t^mnetrw  ^  Ey  !■■,  aai  b  if— iiil  •f  s  b«  iW  cja> 
4owof  grocfac  piil-<wpa\.  latfcaeiii,  laitifcc  c«aB,>a  cpaaioo  itel  !•*»«  finat 
Hfpoftrr  of  :Wato=?ic  i«^jc  wppdMd  Ihc  viable  vaiTene  lobiTeoeea  jw .  incei 
bj  chaace.  So.-  ao  ^aeEdl^ec  :a  ict  pojrt  of  bb  vriiiap  tbai  bave  ieiceaded  ti» 
•v^'vr,  anJ  h  •«  aaav  paaarff  BofC  pcfT«fCavfv  coaifadicced  by  ibett. 

'"Wbfl^"  aiv  Efvn.  ir  a  letter  tik  Mca»- f«.  pre< .  ncd  ia  DiogeBe«LMnia»t 
*  da  j«a  beKeve  lobc  m^^  cxccDen  iftw:  ic  wbo  pijarfj  rrrcres  tbe  |ead««  wba 
frdf  ••  dread  of  dea'h.  uid  ri^Uy  ettiaiate^  x  .c  de«  $b  of  natar*  ?  Sacb  a 
■aa  dori  sot,  «iib  u;  nslilicde,  ireafd  Ch.*  v:;  asc  God, :  ;  he  knovrs  tbal 
Gadraa  afty-  j.-f  Jf  r  jb^*«  :  nor  v  a  rerfii..-;''  ravse  of  eTenti;  nor  does 
leciiacffre  tbat  from  \tn  «acb  power  fom  tbe  iroad  or  tbe  evil  thaiatteBipen 
*eralfaappiae«of  niaa.'*  So.  ia  anoibcr  paaaipe  of  aaoiber  letter,  »*  Be- 
li«vc«  ktfT€  mU  ikimgi^  that  God  \t  ao  imaiurial  and  ble«cd  beioj; ;  a^  iadeed 
roHBan  %eusc  kbouid  i?ach  &»  cocc? rnin^  Goj.  Conceive  nothini:  of  him  thai 
orrpngBant  to  blessedces§  and  iounortaliiy,  acd  admit  cver>-  ihiiif;  thai  i»  con- 
Meal  vith  tbe«e  perfccfioDf,** 

la  canaMB,  however,  wHb  Arirtoile  aod  mart  of  the  other  phHoMpherp  of 
ttteicEpicmaieonceivedtfcaiperfeetrwt  and  qaiet  were  esaentiallyaeeeiMry 
to  fc  pcifeci  happines  of  the  jernt  Creator;  ami  lie  hence  supposed  that  all 
tbe  phmaomcaa  of  the  aatural,  aitd  all  the  eveni«  of  the  moral  worldi  arc  per- 
pctaaiiy  taking  plare  withoat  any  direct  interfrrence  or  general  pmvi  Jence 
of  fbeOleily,  Riace  thU^in  hii  opfololl,  wovdd  be  to  ifrodaceadislorfaaacc  in  the 
e^faai  af  bbe«ea(lBl  felir ity ;  bat  at  Ae  tmne  time  that  they  do  qot  lake  plactf 
at  nodaMi  or  by  chance  or  accident,  but  oader  the  caairol  of  a  general  lyt- 
iBMof  laws  aMabliihed  at  the  beginning,  and  on  the  formation  of  the  world. 
To  wbich  optalon  he  eipressly  allodei  ia  tbe  following  passage  from  another 
letter  preicrved  by  Diogenes  Laertius :  ^<  Think  not  that  the  different  mollon' 
revnIdStinHof  cbe  heavens;  (be  rtsiog,  seKing,  edfpses,  attd  other  phB« 
•f  tbe  planets  are  pMdaeed  by  the  Mntfcdfofe  conirol«  saperimeiid- 
%  or  mtalitimtion  of  him  who  pom^snes  all  immortality  and  beatitade  ;  it 
b  hmm  the  wmmutakle  lamr  which  they  received  at  tbe  beginning.  In  the 
rwaliuH  of  the  nnivene,  that  Ihey  inflexibly  fulfil  their  various  circuits  I 

for  a  farther  account  of  this  sul^ect  we  refer  the  reader  to  Mr.  GimhI*i 
AAnrate  rxanrtnttron  of  it  in  hh  Uf^  of  lUitfretia*,  preftVed  to  his  tmnslatloa 
•f  ihi*  ?f  ATtrvB  OF  T«nro«i  to  which  indred-  wr  are  rnde^trd-  for  their  ey- 
tncli.— fdifor. 
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hj  a  propn*  manndiictioii  transmute  it  into  gold.  What  ridies  f 
f^hat  feWctty  and  assistance  to  human  society' !  should  we  once  ar^ 
rive  to  this  point. 

If  the  sy*;tcmatical  philosopliers  think  rigbtly  on  the  article  of  a 
first  matter,  in  which  they  all  usirce^  the  alchymists  think  still  better 
in  redurinj;  these  speculations  to  prartire^  and  aliemptiug  to  change 
this  matter  so,  as  to  produce  gold  and  immortality. 

Unluckily  for  the  honour  of  philosophers,  alchymists  die ;  and 
not  only  so,  but  they  sooner  than  others.  The  greater  number  of 
them  are  parched  among  their  furnaces  and  pestiferous  exhalations; 
but  this  is  certain,  they  all  ruin  tliemselvea.  Their  fruitless  attempts 
prove  the  falsity  of  flic  principle  which  they  had  from  the  pliiloso* 
pfaers,  and  dispense  with  our  entering  into  a  tedioos  examination  of 
this  imaginary  philosophy. 

It  is  sniiicicnt  to  be  tboronchly  sensible  of  the  great  mistake  of 
systematical  philosophers,  to  know  that  tlie^  form  the  world  with  a 
matter  void  of  form,  which  at  first  was  neither  water,  fire,  metal^ 
eartli,  nor  any  thing  now  apparent ;  and  that  afterward^,  by  motion, 
it  became  all  that  we  now  see.  Daily  experience  shows  them  all,  if 
they  will  see,  that  to  bring  to  light,  and  to  multiply  tlie  tmsient 
^cies  which  maintain  the  seed  of  the  world  for  the  duration  of 
ages,  God  has  prepared  a  vast  variety  of  simple  natnres,  which  ne- 
ver proceede<l  from  a  first  nnitter  difierent  from  thrmselvea.  That 
these  natures  have  no  other  immediate  cuu%e  of  their  formation  than 
God  himself;  that  they  never  pass  from  a  first  state  to  a  second; 
that  they  are  unchangeable  as  lie  is,  who  ^.ive  them  being ;  that  no 
motion  can  alter,  change,  or  convert  them  into  other  natures,  or 
resolve  them  into  otlier  things  than  what  they  are:  tliry  can  neither 
be  destroyed  nor  forced  ;  and  shice  the  most  violent  motion  can 
bove  no  such  effect  on  them,  they  cannot  owe  llrrir  particular  nature 
lo  any  turn,  or  bias,  which  has  been  given  them  by  motion.  Let  iif 
judge  of  it  by  some  cxperhnents.  Put  refined  gokl  into  a  most  in* 
tense  fire,  it  will  continue  in  fuiion  for  several  months  together.  A 
violent  fire,  which,  according  to  the  Cartesians,  is  only  a  violent  mo« 
tion,  ought  now,  as  well  as  in  the  beginning  of  the  world,  to  cause 
■oine  little  novelty  in  this  matter.  Tn  certainly  more  easy  to  de- 
stroy than  to  form.  Why  cannot  tlien  this  motion,  which  Itom  tbe 
first  matter  produced  gold,  by  force  of  gmduating  and  varying,  de» 
•troy  this  gold  in  the  crucible,  or  convert  it  into  some  new  being,  or 


^^^^^h|«fluce  il  into  h  amalt  portion  of  llie  tint  inattcil  Do  ogt  ■ 
^B^^KwiiheiB  perceivt  llial  tlie\  bke  melliodical  ideas,  by  wliidi  I 
ilKj^dis^M  ever3r  ikinif  iu  tlic  iclioolst  >'or  realities  aubsifling  In  nM  _  1 
tur«i  wbiic  tlic)'  liave  beiag  in  [heir  own  iiuagiiuiliou  only}  The^  I 
caifrfoy  lh«ii  lliouglits  od  uiuller  in  general,  afletwards  oa  nub  I 
Iter  (klcfnined  in  [tartitului  Do  lliej  iheiefore  believe  llmi  tlicfq  I 
»,  or  llwl  (lieic  ever  wus,  ai|  nnivenal  mutter  1  Tlie;  are  iucteed  no*  I 
(able  in  teekius  llie  anal^iiis  or  gold,  and  reducing  it  to  ii»fii<  I 
liriociples,  to  cany  it  back  to  the  firtt  matter.  Tbey  may  as  vrtH  I 
sualjM  Auwen  iu  the  chemist's  Airnace,  in  hopes  of  finding  in  iht  I 
last  (lisNiutioik  un  tioiverul  flo"  er  at  the  bottom  of  the  receiver.  1  I 
la  the  same  manner  put  into  tlie  fire  sainl.  mud,  mercurj,  or  any  I 
awtal  you  shidi  tliiulc  proper,  tlie  »ao(l  will  liecurac  glass  by  the  com  I 
gniily  it  acquires  in  the  fire ;  and  after  having  Itecii  years  logetbct  I 
H>  s  gluss-liouse  pol,  it  will  still  l>e  glass;  the  mud  wilt  tall  ioto  I 
boM  u  oWics,  iind  will  ae\er,  afler  a  separation  a(  its  parts,  be  oUmb  I 
tbao  cinders,  or  a  (ofiut  morlttum.  Mercury  mixed  with  sulpliuib  I 
Btid  tU  the  iogredienli  thai  can  be  thought  upon,  will  always  remaia  I 
uctUBlmr.or  some  niherform.  Itwill  belusttosij{hi,bulneithl|-  j 
dcjlmyed  nor  chauged.  It  is  alvmys  entire  under  new  Ibrms,  al*  I 
wa^s  llie  sdine,  aud  tire  wiU  rentoie  it  back  iu  its  priatine  form.  "St  I 
Ihe  HUiie  thing  with  metals.  Torture  them, give  tltein  what  motion' I 
Mint  alt«nitiou  )ou  can  devise,  by  tire,  atjua  forlu,  or  otlier  4%  4 
folveab,  lliey  have  uot  even  oim  moment  cbani-etl  their  nature.  1|''J 
w«  pul  a  piece  of  iron  into  aqwi  forus.  in  which  was  before  dissolv«4'4 
a  certaia  quantity  of  silver,  it  cannot  sustain  parcels  of  two  ditlerefll  i 
metMls  at  the  same  time;  it  quits  the  silver,  falsely  Ihougltt  to  b*  ' 
1  into  a  liquid,  which  precipiiates  to  the  bottom  of  th« 


It  was  only  concealed  in  Boating  on  the  globular  parts  of  llie 
fluid,  by  Kseparaliou  of  the  melallicparts;  but  these  small  particles 
tba*  separated,  arc  still  the  same  as  when  united  in  one  mass.  Tlia 
miiiiiun,  with  whicli  we  colour  wafers,  is  made  with  lead ;  the  metal 
is  no  longer  appareut ;  one  would  think  it  was  destroyed,  or  con^ 
verted  into  anotber  nature.  It  is  more  separated,  but  the  particles 
are  not  dianged  :  and  if  you  bum  ibis  wafer  in  the  flame  of  a  candle, 
lud  catch  the  cinders  ou  a  piece  of  paper,  you  will  see  ibo  partiolca 
of  lead,  when  in  fusion,  drdwu  near  to  one  anotlier,  and  form,  whea 
etUk  Kwal  ahuiiiii;  btmocbo^  easy  lo  be  diumgiiisbtd  by  tbe  naked 
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eye.    Gold  tnd  metab  extracted  oat  of  mattefSy  where  nothing  ae* 
tallic  b  to  be  ieen»  are  not  there  fonned  i  it  it  tnie,  they  are  there 
taaad,  and  they  are  extracted  firom  the  places  to  which  the  water 
had  carried  and  diq[>erMd  them :  hence  it  comes,  that  gold  is  finmd 
along  the  river  sides,  and  in  sands  likewise ;  iron  in  cfair ;  and  the 
particles  of  iron  which  adhere  to  a  knife  touched  with  a  loadstone, 
stirring  with  it  the  ashes  of  plants,  flesh,  or  the  entrails  of  animals. 
The  metallic,  saline,  earthy,  sandy,  aquatic,  ignetic,  mercurial,  and 
many  other  simple  particles,  go  off  and  return,  form  masses,  appear 
under  very  different  figures,  are  concealed,  and  then  again  apparent ; 
but  gold,  iron,  earth,  water,  sand,  fire,  mercury,  and  in  short  all 
simple  matters,  are  e?cr  esactly  the  same  thing,  whether  in  small 
or  great  bodies.    The  natures  of  each  are  to  themselves  the  first 
matter;  and  as  the  most  agitated  and  varied  motion  cannot  resolve 
them  into  other  than  what  they  are,  they  do  not  owe  their  con- 
struction to  motion  either  direct,  oblique,  or  circular.    They  have 
all  immediately  proceeded,  as  did  the  whole  world,  firom  the  hand 
of  God  hhnself.    They  are  not  what  they  become  by  the  combine* 
tioa  of  motions,  but  what  God  willed  at  first  they  should  be^  to 
serve  in  the  formation  of  compounded  bodies,  to  which  his  wisdom 
had  appointed  them.    Gold,  or  crystal,  is  not  now  made :  but  only 
carried,  gathered  together,  dispersed;   wherefore  motion,  which 
never  has  been  able  to  produce  the  least  grain,  has  not  been  able, 
a  fortiori,  to  produce  either  an  earth,  or  its  inhabitants,  an  atmos- 
sphere  or  a  sun.    Motion  maintains  the  earth,  but  never  could  ordab 
it ;  as  the  spring  of  a  watch,  and  the  care  of  windmg  it  up  every 
day,  b  the  cause  of  its  going  regular,  but  cannot  make  it.    It  is 
then  the  part  of  a  prudent  philosopher  to  study  those  motions  which 
maintain  nature,  as  they  are  real,  regular,  and  lasting ;  but  it  b 
making  an  abuse  of  reason,  it  b  despismg  of  experience,  and  may 
be  secretly  reviving  the  follies  of  the  Epicureans,  to  attribute  to 
motions  impressed  on  matter  the  power  of  forming  a  world.    It  b 
as  impossible  for  motion  to  form  a  world,  as  it  b  evidently  impossible 
for  it  to  form  a  grain  weight  of  iron. 

As  it  b  but  loss  of  time  for  us  to  stir  the  atoms  of  Gassendi,  or 
to  whbl  about  the  angular  bodies  of  Descartes,  we  shall  possibly 
find  the  attractive,  centripetal,  and  centrifugal  philosophers  of  the 
north  turn  to  better  account. 

The  difference  between  M.  Descartes  and  Sjr  Isaac  Newton  b. 


-HY  OF  SYSTEMATICAL   PHYSICS.  8<2t 

tfaftl  tlie  former  undertakes  to  account  for  every  IliiDg;  and  tfa« 
other,  iBodeslly  ackuowlcdj^'iiig  thai  we  are  ignorant  of  Ibe  secrets 
of  nature,  pretend i  only  to  evince  one  matter  of  fact,  without  under* 
taking  lo  explain  tlie  cause ;  but  as  this  one  point  extends,  according 
to  bim,  to  all  nature,  lib  system  for  that  reason  becomes  a  kind 
ofuuivctsal  pliilosopliy.  According  to  M.Descartes,  tlial  gravity 
whicli  muses  bodies  to  tall,  is  nothing  ditTerent  from  the  action  of 
ibe  fluids,  in  which  the  plunels  are  carried  away ;  because  all  bodies 
moved  and  impelled  by  the  bodies  surrounding  lliem,  to  describe  a 
circular  instead  of  a  straight  line,  incessantly  endeavour  to  recede 
(torn  the  centre :  whence  it  happens,  that  when  the  parts  of  the 
vortex  meet  with  the  bodio  which  have  no  centrifugal  force,  or 
whkli  have  leu,  tfaey  are  compelled  to  fly  to  the  centre ;  so  that 
Ibc  precipitation  of  heavy  bodies  towards  the  centre.  Is  nothing  but 
lbs  action  of  more  active  bodies  which  have  a  tendency  to  avoid  it. 
Sic  Isaac  Newton  at  tint  thinks  with  M.  Descartes,  from  whom  be 
blU  learned  it,  tliat  uU  bodies  continue  in  a  state  of  inaction,  or 
tcposei  till  drawn  out  of  it  or  inlernipled. 

Agsiu,  Sir  Isaac  Newton  imagines,  that  he  has  observed  tlirougli- 
otilsll  nature,  and  it  is  the  distiaguishingpolntof  his  system,  that  all 
bodies  attract  one  another  iu  proportion  to  their  distance  and  bulk ; 
ibat  tbcy  have  a  certain  teodeney  towards,  and  press  one  upon  an* 
otltet ;  that  the  sun  tends  towards  the  earth,  and  ihe  canli  towards 
Ibe  sun ;  but  that  the  latlei  being  incomparably  larger,  we  perceive 
only  Ibc  approaches  of  the  fonner  towanls  it;  that  in  like  manner 
tbeeailb  lends  towards  the  stoue  which  is  separated  from  it  by  jvo* 
jecUon,  as  Ihe  utone  tends  towards  the  earth,  or  rather  that  tlie  stone 
attracts  the  earth  to  it,  as  the  ejrth  attracts  the  stone ;  but  the 
earth,  by  reason  of  its  bulk,  having  a  stronger  attraction  than  a 
small  slooe,  it  happens  from  thence,  that  the  earth  does  not  quit  its 
place,  aod  that  the  stone  approaches,  or  is  drawn  to  it  by  the 
altrsctive  power  which  the  earth  exercises  upon  it. 

Thisactiou.  which  Newton  imagines  he  every  where  perceives  be- 
tween bodies  and  bodies,  throughout  all  nature,  he  calls  allraction, 
aad  gives  it  out  as  an  effect  residing  in  every  part  of  the  universe, 
without  being  able  to  assign  other  cause  than  the  will  of  Ood  to  put 
all  nature  in  motion.  Thus  the  earth  moved  round  the  smi,  if  it 
was  only  nioved,  and  not  drawn  towards  it,  would  infinitely  recede 
bwB  it.    Tbe  buhmi  if  it  obeyed  without  obsiucle  the  law  of  m<^ 
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tioB  which  ourries  it  wny,  would  a?oid  the  earth,  wad  at  length 
djuppear.  In  the  same  mamier,  if  the  earth  obeyed  onlj  the  law 
of  atiractiooy  that  law  by  which  the  son  draws  the  eartli  to  it,  il 
would  draw  near  to»  and  precipitate  into  the  suu;  the  moon  beings 
fnly  attracted,  would  fall  upon  the  earth:  but  the  earth  befD|» 
meved  and  cast  off  from  the  mid,  is  at  the  same  time  drawn  toward 
k ;  instead  of  receding  from  if  In  a  straight  line,  this  line  will  be 
cHH'ed  by  the  attraction  which  briogi  it  back  to  tlie  sun :  bemg 
llways  under  the  influence  of  two  powers,  one  of  which  always 
removes  it  from  the  sun,  and  the  other  draws  it  hade;  it  describes 
round  the  sun  n  curved  line,  which  Neitton  demonstrates  ought  to  be 
an  cllipsv,  or  near  to  an  oval.  The  moon,  in  like  manner,  obey^g 
two  powers,  one  which  makes  it  fly  froas,  the  otiier  which  makes  it 
tend  towards  the  eartli,  circulates  round  it ;  the  centrifugal  and  tfatf 
centripetal  forces  are  checks  one  upon  the  other;  and  the  mofl% 
instead  of  being  carried  fiur  from  us  by  the  tir&t  |x>uier,  or  piecipi- 
tnted  upon  our  earth  by  virtue  of  the  second,  is,  by  the  imprcsmn 
of  bol  h,  kept  wit  li  in  its  orbit. 

Sir  Lnac  Newton  aAerwards  examines  what  would  be  the  mea- 
sures of  motion  of  the  moon  beginniug  to  iall  towards  the  earthy 
from  the  height  of  its  orbit,  after  it  had  lost  its  centrifugal  ferce^ 
and  was  freed  from  all  attraction  of  the  earth.  The  distance  of  the 
moon  from  the  earth  is  known,  also  the  duration  of  its  revolution ; 
one  may  then  know  what  is  the  portion  of  llie  orbit  in  a  minute. 
Geometry  teaches  us  what  space  the  moon  runs  through  in  a  right 
line  falling  towards  the  earth,  by  virtue  of  the  force  which  makes  il 
pass  through  his  arch,  or  portion  of  its  orbit.  Afterwards,  having 
laid  it  down,  that  the  attraction  diminislies  as  the  square  *  of  the 
distance  increases,  Newton  finds  b\  liis  calculatiun^,  that  the  moon 
iu  falling  from  its  statiou,  would  at  first  fall  fiAceu  feet  in  a  niimife; 
ami  tliat  neur  the  earth,  hy  virtue  of  the  same  law,  it  would  in  « 
minute  pa»s  through  three  thousand  six  hundred  times  fifteen  feet 
Lastly,  examining  the  spaces  which  a  body  of  wood  or  stone  let  fhll, 
would  pubS  through  near  tlie  earth,  lie  conchides  from  the  experience 


*  Tlif>\  rail  auy  number  multiplied  b\  iisc-lf  a  square.  If  die  iDlrrval  be- 
tween the  earth  and  moon  be  divided  into  three  strntu,  the  first  has  for  Ua  square 
I,  the8reond4,  the  third  9.  The  attraction  diminisliinfc  in  proportion  as  the' 
MquareR  of  the  dlitances  increase,  wiH  act  as  9  in  ihv  Arat  sfratum,  a?  4  In  the 
secondi  and  1  in  ibc  third* 
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pinni It)  the  fell  nf  bodies, t^uia stooe tvnatu oiie miuulc.ticaruur  ■ 
(IwIm,  tl^(>u£l>  tlirqc  tlittutuntj  si^  liiuxlred  Ijinu  tiilcta  Teel.  Ttw  I 
Binna  beina  looseil  fiioiH  iti  oibit.  nuuld  t lie r«f ore  obey  Uie  saiqf  I 
law  which  }irGci)Mlai(>»  lb«  slaoe.  B;  R  iieceasarj  coiueijuonce.  H.  I 
tkc  ttvnr  WM  cArriixl  u&  high  :is  llic  oibJt  ol~  ifae  luooiv  bcuig  Ibcm'  ■ 
let  hP,  it  Ruulil  ruu  lliiougli  lifutu  ii^el  iu  a  mmuttr.  Aitnctto^.  I 
ujdKfavily  nrc  IInu  oueaml  Ibutitiae.itutig.  -.^  ■ 

M.  I*iint  lit  Molier«i,  «f  liw  Aca<iciu}  ot'Stiences,  bas  r«tiinm1t  m^  M 
imPluIotD||)bk4lLeclii[e$,llii:gTaun(JI'W0tkQf  N'G»t«ii'ai]|Mer(atiniH.^| 
,  J^r  (ulmib  ;iil  llii;  pxiufii  ubivti  sliaw  llml  tlie  Mine  cause  wbi^^fl 
1  |uaik»  &  »lQue  gnriliili;  upon  tlie  eattb.  makes  ihe  «arlb  gaivilatfi_jfl 
ajKMi  tlie  fciui,  and  ibc  moun  upon  the  earlii ;  but  Lt:  attributes  tliip,fl 
fSfXl  to  a  cauM;  Mity  diflereul  (kk  tbat  wbich  Newton  faa«  i«4r  .1 
1^^.  the  Preiicb  a^adeuijctMi,  at  llw  »«iii«  tiine  titat  he  «Kt|>l»  l||Cj  I 
iS  of  ibt:  geometrical  hystfiui  of  tlte  leamedEnglislunaii,  liaw,  I 
it  incon))^li|ile  with  the  pluu  of  nature.     He  i^  not  recoDcii«d  ttt>^,  ■ 
jwiociple  wliwii  uiiikcs  of  ouj:  world,  one /U/,  ivliose  parts  arc  at  nukct}*  ■  I 
«l»l  leu  nnilcl  thaii  iKosc  of  a  3lii-ktou.     All  tb«  ideas  wltich  vtf   ■ 
lUTcof  ni<u:luuuc»,  bcem  lo  biui  to  be  oveiihrown  by  tbis  iiimgiiuugr  I 
I  stlactiou.  wbicli,  avcording  to  ibe  partii>i)iis  of  tbe  Euglisb  seoiiH^  |l 
^  jIficiiDi  tcct(irocalI]t  actsbelfkeea  bodies  Mrparaled  hy  a  gtedt  vaauui%^ 
■oil  tnakc*  t]i<;tu  move  iu  a  void,  williout  uniting  hy  nay  inletuiedtafaB  ^ 
bond.     M.  Moli<}res  rcMiiues  the  vortex  of  M.  DuscarLes;  tbe  t^  S 
iilencc  of  wMuh  seeuis  to  hiui  to  be  iiliiiosi  pBlmbly  nalure-     UH^ 
cc^mcte  it  in  the  uhnle;  jud  maJiiiig  all  tlie  eH<^cl»  which  Ndwloit^ 
bail  obasrvcd,  to  fiow  fioni  the  ver^  structure  of  tbe  vortex,  bs  iBifl 
•Mate  iseature  rcamciles  the  two  cooleuding  schnoiit  ;  J 

Tliii  vorlcx  IS  no  loiigei  composed,  an  U&>cartes  had  imasiiied,  af 
Jtard  and  toDcxihlc  globules,  but  of  sioatt  vorticci,  Ibe  jHuttcks  df 
nbicb  are inf^es&uiiUj'  iucliniug  to  lecette  fioni  tlH.-ir  peculiar  tea tM, 
wJiiltr  tlie  wdoie  teuds  to  remove  i/oia  tho  coinuiou  oentte.    A  silid 
bodv,  as  the  moou  ot  earth,  cm  into  Ilii> vortei,  ouglit  iuunediately 
lo  be  moved  liy  it,  and  cairied  the  same  viay  with  it ;  but  the  para 
of  tLia  unwieldy  body  Iwiug  sUiclly  united,  and  at  rest  aoioug  tbeii>>.  J 
wives,  make  ik>  eH'ori  for  moljoo,  and  have  no  other  ioipjlsion  ihah^ 
wlal  the  wbolc  body  of  the  plaiiet  receives  froin  tbe  vortex  in  wltidt  3 
it  Aoati :  whereas  the  globules  of  the  vortex  have  a  double  moliaiv^ 
-   and  make  a  double  cRbrl ;  all  of  tbcin  lend  to  remove  Irom  tbii^ 
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vortices,  to  move  in  m  circular  line.  Moreover^  all  the  particles  of 
these  globulin  perform  that  in  little,  round  their  centre,  which  the 
-gnat  ones  do  in  general  round  their  common  centre.  From  this 
double  tendency,  results  a  double  force^  which  more  powerfully  re« 
moves  them  from  the  centre,  than  the  motion  impressed  on  the 
planet  removes  it  from  the  centre  of  the  sphere.  The  plauet  cast 
into  this  voxtex,  has  indeed  received  a  centrifugal  force,  in  receiving 
a  circular  motion ;  but  its  parts  being  at  rest,  it  has  less  centrifugal 
force  than  the  vortex,  in  which  this  force  is  double,  as  well  from 
the  motion  of  the  little  vortices  which  fly  from  the  common  centre,  as 
their  particles,  which  all  at  tlie  same  time  avoid  their  respective 
centres.  Thus  the  centrifugal  force  in  the  matter  of  the  vortex 
exceeding  the  centrifugal  force  of  the  planet,  ought  to  prevail :  and  the 
planet  tending  less  to  recede  from  the  centre,  than  the  matter 
which  pushed  it  on,  it  must  follow,  that  the  earth  will  by  degrees 
draw  nearer  to  the  sun,  and  the  moon  fall  upon  the  earth.  In  a 
word,  Des  Molieres  makes  use  but  of  one  action,  or  same  cause,  to 
produce  the  centrifugal  force  of  the  vortex,  and  to  make  the  planets, 
and  all  solid  bodies, 'gravitate  to  one  and  the  same  centre:  instead 
of  which,  Newton  adds  a  motion  impressed  on  all  these  bodies ; 
another  pcnvor  and  another  law,  which  he  names  o/Zradioii,  and 
which  disposes  them  all  to  draw  near  to  one  another,  with  more  or 
less  velocity,  in  prciportiou  to  their  solidity,  or  their  distances;  while, 
indeed,  the  second  ])ower  is  useless  and  inconceivable. 

M.  de  Molii'res,  after  having  given  us  this  assistance,  by  his  inge- 
nious explanation  of  gravity,  to  comprehend  the  double  centrifugal 
force  of  vortices,  and  the  advance  of  solid  bodies  towards  the  centre, 
as  a  simple  efiect  of  this  force,  lefl  us  at  dni  in  doubt  of  the  power 
he  would  muke  use  of  to  sustain  the  planets  in  their  orbit,  and 
to  prevent  their  falling  u|K)n  the  centre.  But  it  was  easy  to  percei^Y, 
at  the  same  time  that  he  would  be  compelled  to  make  use  of  dif- 
ferent vortices,  at  least  of  different  atmospheres,  cast  round  the 
planets,  to  make  tlieni  roll  one  over  another,  without  falling,  like 
the  globules  of  ditfereut  matter,  which,  crowding  together,  flatten  a 
little  by  their  prubsurc  upon  each  other ;  while  in  the  interim,  the 
centres  wliicli  tend  one  towards  another,  by  the  impulsion  of  the  en* 
cumpussing  vortices,  can  never  approximate. 

This   explanation  of  M.  de    Molieres   is  so  much  the  moie  ' 
ingenious  as  it  is  not  made  use  of  for  the  creation  of  a  world,  but  t» 
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give  an  idea  of  its  motion  and  support^  as  it  may  be  employed 
in  the  particular  explanation  of  a  number  of  phenomena,  and  of 
particular  cases ;  such,  for  example,  as  the  flux  and  reflux  of  the 
sea,  by  the  pressure  of  the  sphere  of  the  moon  on  that  of  the 
earth ;  the  shifting  of  the  satellites  of  Jupiter,  by  the  pressure  of  the 
sphere  of  Saturn  on  that  of  Jupiter;  the  attractions  and  repulsions 
of  electric  bodies,  by  tlie  small  atmospheres  which  they  acquire  or 
lose^  according  to  the  different  manner  they  are  touched ;  the  disso- 
lutions and  fermentations  in  chemistry^  by  the  different  powers  of 
the  little  vortices  which  compose  liquids,  and  which  can  only  appear 
at  rest,  when  they  are  put  in  equilibrio,  after  a  long  agitation,  oc» 
casioned  by  inequality  of  eflbrls. 

I  shall  not  here  touch  upon  the  systems  which  M.  lluygens,  Bui* 
flnger,  Beinouilli,  and  many  others  have  imagined  on  gravity;  it  is 
but  a  point  of  the  mechanics  of  the  universe.  Should  we  ask 'fifty 
philosophers  an  explanation  of  them,  there  is  not  one  of  them  but 
would  believe  that  he  gave  you  a  philosophy  that  was  to  be  esteemed 
iu  proportion  to  the  geometry  and  calculations  he  had  employed  in 
it;  Even  all  these  indefatigable  calculations  will  often,  setting  out 
with  the  same  principles,  lead  you  to  as  many  different  sums,  dif* 
ierent  mechanisms,  and  to  as  many  systems,  as  there  are  different 
persons  whom  you  consult.  What  will  be  the  consequence,  when, 
from  this  pointy  we  go  on  to  an  explanation  of  the  bokters  of  the 
axis,  and  the  profound  structure  of  the  other  parts  of  the  universe. 
Entering  into  these  systematical  opuiions,  will  be  quitting  a  view  of 
nature,  and  losing  siglit  of  the  certain  use  which  we  may  make  of  it, 
and  in  which  consists  our  true  philosophy.  Another  reason  to  keep 
us  upon  our  guard  with  relation  to  systems  is,  that  however  beautiful 
they  may  appear  at  first  sight,  the  application  we  may  make  of  them 
to  different  effects,  generally  turns  out  unlucky  and  ridicubus.  Make 
use,  for  example,  of  the  system  of  attraction,  on  the  pheuomenon  of 
the  loadstone,  where  one  would  think  it  ought  to  be  of  great  use ;  or 
to  electricity;  or  to  what  is  called  fermentation;  you  will  find  that 
your  priuciple  will  leave  you  in  the  lurch,  and  will  inform  you  m  no- 
thing; they  are  obliged  to  vary  their,  attractions  like  their  effects. 
Here,  it  is  an  attraction  which  acts  through  the  whole  depth  of  the 
mass  there,  it  is  an  attraction  which  only  acts  on  the  slightest 
superfices  of  the  body,  let  them  be  thin  or  thick ;  there,  a  certain 
attraction  is  the  same,  while  another  attraction  varies,  as  does  the 

VOL.  J.  o 
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diversities  of  the  bodies.  But  above  all,  t|ie  attradionists  were  m 
raptures  with  that  which  the}*  perceived,  or  thought  they  perceived, 
ID  electrical  bodies.  This  could  not  be  mistakeo,  aud  it  acted  ex- 
actly as  in  the  planets,  diminnhing  in  the  circuit,  as  it  augmented  in 
dbtance.  Unluckily  an  experimental  philosopher  came  and  knocked 
all  this  on  the  head  |  and  by  fastening  a  little  ball  of  wood  at  the 
extremity  of  a  cord  of  a  thousand  or  twelve  hundred  feet  long,  he 
discovered,  that  if  an  electrical  tube  was  applied  either  to  the  middle 
or  at  one  end  of  this  cord,  the  spangles  of  gold  placed  at  the  other 
end,  under  the  wooden  ball,  clung  to  it  as  suddenly  as  if  the  elec* 
fricity  had  acted  within  a  foot  of  the  tube.  One  of  our  leaned 
Newtonians*  has  made  an  hundred  experiments  upon  the  loadstone. 
After  infinite  precautions  and  calculations,  he  frankly  owns  the  at* 
traction  iailed  him,  when  he  had  occasion  for  it,  and  that  he  coaU 
make  nothing  of  itf. 

I  shall  here  end  the  history  of  systematical  philosophy,  became  it 
is  of  little  use  to  give  a  more  full  knowledge  of  it,  and  perbaps  may 
be  dangerous  to  young  people,  by  busying  their  minds  upon  systemi, 
which  cannot  fail,  in  spite  of  all  our  exertions,  to  present  some  {As* 
nomena  to  our  thoughts,  which  is  a  very  great  pr«jndice  to  the  pnH 
gress  of  true  philosophy ;  either  because  it  is  not  easy  to  get  rid  of 
certain  generalities,  or  that  we  see  every  thing  conformable  to  ouf 
prejudices.  Experimental  philosophy  is  the  only  one  which  has  been 
of  use  to  human  society ;  and  as  we  have  shown  that  the  advantages 
flowing  from  it  are  innumerable,  so  we  cannot  recommend  for  the 
study  of  philosophy,  a  more  prudent  method  tlian  that  which  the 
members  of  the  Royal  Academy  have  followed  for  our  instniction. 


*  Mr.  Muschenbroek. 

^  Theie  considerations  the  reader  will  find  more  minntely  cxunlacd  ii 
the  introductory  chapter  to  the  department  of  CnEXiiTRT,  which  will  enter 
into  tho  second  diTision  of  the  present  work.  It  will  Ihera  appear  cIhiI  mamj 
of  the  objections  here  offered  to  the  simplicity  of  the  general,  and  now  rtiS 
futher  established  laws  of  nature,  haTC  been  removed  by  expeiiiaeaCi  aad  Q^ 
irrvations  not  known  at  the  time  the  ingenious  paper  here  copied  was  written  i 
and  that  most,  if  not  all,  the  pecniiar  attractions  of  matter  are  letolTaNe  ial» 
different  modifirations  of  the  general  attraction  of  gmyitation. 

It  is  to  the  second  part  of  the  present  work  that  we  ha?c  also  to  relhr  At 
reader  for  an  account  of  such  aslroa»mical  instruments,  maps,  charts  ■Jntft, 
orreries,  and  prcjectioDii  at  are  most  carious  or  in  other  respects  worthv  of  a^* 
tlce.— Editor. 
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Tbeyhsntwrer,  ass  collective  body,  giveu  tlieir  approbation  loan  1 
OIW  guwnl  tyiUin.  Tlieyarefullj|)er3uaJ(;c).I]iat  iriiiaDbeallonrc4 

lo  tnJTe  tt  a  Uiorougb  knowledge  of  oalurc,  it  cau  be  only  by  trc»-  J 
aiaiag  up  esperimetils  and  facts,  foi  a  great  length  of  yeais :  aai) 

sbould  evea  the  thorough  knowledge  be  denied  lo  our  coodilioiv  I 

experiments  at  least,  and  the  kaowledgc  of  most  oiinule  things,  wQt*  j 

jvocure,  as  is  daily  experienced,  Tarious  beiiefils  to  pubHc  society.  J 

K     .This  very  judicious  principle,  whidi  they  have  always  looked  upop  I 

Ff    ai  a  rule,  and  the  nature  of  llie  different  functions  which  Ih^a  J 

'    kamed  men  have  divided  among  tfaemielves,  nre  accurately  founded  I 

'    no  the  necessaries  of  life,  and  the  extent  of  our  capacities.    Thej  ] 
£0  farther:  the  experimental  philosophy  which  they  have  brougbt 

iola  eUeeiu  h  the  only  useful  one,  because  it  is  the  only  one  cuiv  I 

fbrnuble  to  our  coudition  :  uhicli.  without  offi;nce,  we  may  uamb  1 
TU  SyUtwi  of  Providmce. 

The  experience  of  six  thousand  years  is  certainly  suJBcieDt  to  tcack  ] 

ui  «b>t  IB  possible  and  what  is  forbidden.     White  man,  in  bis  intji^  I 

jMS,waa  busied  in  tilings  lubmitted  to  liis  government,  his  endeavoun  I 

wert  always  rewarded  by  new  discoveries.     Whenever  be  wouhl  prj  j 

into  tbe  iiUirlor  structure  of  the  parts  of  the  universe,  the  motion  I 

>  of  wUcb  is  not  s-jbuiitied  to  hii  care,  liis  ideas  have  been  tanlastical  I 

I  lad  flacertain.     Let  him  study  the  lueasiires  of  magnitudes,  and  tba  I 

Wjnrs  a£nU)liotis;  not  to  pace  out  the  heavens,  or  to  weigh  the  solid  I 

bodies  of  the  planets,  but  to  know  the  order  of  his  days ;  let  biin  ob^  j 

acne  tba  lelation  of  tbe  aspects  of  the  heavens  to  his  habitation,  the  1 

'     |iHHll  iiiniiiifli^lil  ill  till  miiilifii  aiii  ii  iowhichit  is  presented  lohim;  i 

titc  we  iw  may  make  of  the  e<]uihbriiim  of  hquids>  of  the  weigli^  I 

and  velocities  of  the  bodies  of  which  fie  is  masler,  of  all  the  expert  I 

■nents  which  come  within  lib  view,  nod  especially  ander  his  hand ;  ip  1 

a  word,  let  him  apply  experiments  to  the  necessaries  of  life,  and  he  ^ 

willh«veanunerringphilosophy,replele>vilhgreatadvantages.    But  | 

to  uodcrlBke  to  delenniae  the  cause  ubjcli  governs  the  motion  of  I 

fhe  luiverse,  and  to  penetrate  into  the  universal  structure,  and  tbi  j 

Mttkular  parts  of  which  it  is  com|iosed,  is  to  forfeit  the  honour  of  I 

improving  his  patrimony  in  order  to  run  after  shadows.    It  1=  neglect-  I 

MC  tieasurcs  which  are  open  to  us,  and  oltstuuitely  pcrsitliug  tu  knock  | 

ala  dooi  which  has  been  shut  against  us  these  six  thousand  yearh  J 

Tbis  H  no  coDJectural  opinioD,  but  a  visible  tnilii  of  eitpeticncn,  1 

Jlat  <iod  has  given  us  great  facility  aud  iiiti-lhscncc  in  tilings  nliich 

»•  oogbt  to  uiMage ;  aad,  on  the  conliaxj,  that  those  lo  which  God 
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himself  gives  motion  and  action,  without  entrusting  the  conduct  Co 
our  care*  he  has  concealed  from  our  knowledge.  Forexamidey  we 
are  ignorant  of  the  structure  of  our  stomach,  because  Ood  has  eased 
us  of  thu  care  of  its  digestion.  In  vain  would  the  most  able  anatomist 
direct  his  digestion;  all  very  often  goes  contrary  to  his  wishes.  On 
the  other  hand,  we  have  in  our  senses  many  watchful  and  faithful 
monitors,  op|K)rtunely  to  direct  what  nourishment  is  proper  for  usw 
Why  then  have  we  so  many  methods  to  be  acquainted  with  our  mi« 
triment,  if  it  u  not  that  the  care  of  seeking  and  chusing  it,  is  com- 
mitted to  usf  And  why,  on  the  contrary,  do  we  not  know  how  to 
digest,  if  it  be  not  that  God  has  evidently  willed  our  digestion  to 
be  performed  in  us  without  our  direction?  God,  who  has  spared  us 
that  tronble,  has  denied  us  the  knowledge  of  the  mechanism  which 
forms  the  flesh  and  the  fruits  that  we  eat,  as  well  as  the  mechanism 
which  extracts  the  juices  flbm  them  for  our  nourishment.  This 
knowledge  would  have  distracted  us.  We  attain  the  age  of  four 
score  and  ten,  without  knowing  what  d^tion  is,  or  what  is  the  ac- 
tion of  the  muscles.  We  have  been  served  without  any  care  on  out 
part.  Had  we  thoroughly  known  the  structure  of  our  stomachs,  we 
should  have  been  for  directing  its  functions.  God  has  not  allowed 
this  knowledge  to  man.  He  ordahied  him  to  be  otherwise  employed. 
If  then  this  mechanism  be  hid  from  him,  lest  it  should  mult^y  hk 
cares,  will  he  acquaint  him  with  the  structure  of  the  world,  the  mo-' 
tion  of  which  is  not  committed  to  his  charge  7 

I  can  scarcely  be  of  opinion,  that  the  modem  philosophers  have 
rightly  conceived  the  plan  of  the  Creator,  in  having  less  esteem  for 
the  knowledge  which  we  attain  by  our  senses,  than  for  what  they 
imagme  is  to  be  acquired  by  a  profound  meditation.  One  exanqile 
will  make  me  understood. 

The  common  sailor  knows  nothing  more  of  the  loadstone  than 
what  his  senses  inform  him,  viz.  its  tendency  towards  the  north  pole. 
Tliis  is  the  sum  of  hb  knowledge.  The  philosopher  would  know  the 
cause  of  this  phenomenon ;  he  employs  the  eflluvia  of  its  pores  in 
spiral  lines,  the  attractions,  the  repulsions ;  and  after  several  yeais 
use  of  hb  mechanics,  his  geometries  and  calculations,  he  either  a^ 
knowledges  that  he  himself  knows  nothing  of  the  matter,  or  else  las 
tlie  mortification  to  find  that  nobody  approves  of  hb  system.  The 
systematical  philosopher,  who  thinks  himself  ignorant  if  he  know  not 
the  cause  of  what  he  sees,  passes  hb  whole  life  in  the  pursuit  of  pmsh 
If/Erter,  and  becomes  useless  to  the  rest  of  mankind  by  being  buried 
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iiliM  in  his  closet.  The  sailor  makes  use  of  what  his  senses  inform  him 
of,  the  direction  uf  llie  loadstone  towards  the  n'H'th,  and  bv  its  as- 
■iiUnccToyagestoIbceDdoflhevroild.  Make  choice  of  ten  (housanii 
other  infonnalions  of  fact,  and  you  will  hardly  find  one  of  lliem  biU 
what  t»  oi  service.  Our  fortunes  will  be  heiter  in  proportion  to  tbi* 
sort  of  knowledge.  Would  you  seek  aAer  the  causes  of  ibese 
effectsi  You  will  meet  with  nothing  of  certainty  or  use.  Can  we, 
after  liii%  mistake  the  intention  of  God,  in  the  measure  of  uuder- 
Handiag  which  he  affords  us  for  our  present  instruction  I 

I(  U  evident  that  we  have  no  universal  knowledge.  Tlie  object! 
af  our  punuil  are  scatlcreil  round  us  upon  the  earth  and  in  the 
beavens.  God  has  given  us,  together  with  eyes  and  understan(tiii|r, 
a  fund  of  curiosity  which  stimulates  us  froni  one  object  to  another, 
ttiU  new  experiments  may  enable  us  to  procure  new  conveniei>cie> 
far  our  brethren ;  and  that  every  thing  upon  earth  may,  by  itegreei, 
be  put  to  the  best  use  for  the  pro&l  of  mankind.  But  though  a  msn 
on  ^  on  a  stretch  from  Brest  to  Pekin,  it  (toes  not  follow  that  he  can 
goto  the  moon ;  of  tbuugli  lie  hnve  a  jirinciple  of  poner  in  his  liandli 
tinl  enables  him  to  support  piles  of  oak,  and  great  blocks  of  marble 
IB  ihev't  this  is  no  leasou  why  lu;  should  attempt  with  his  levers  to 
nskc  tbcmooufiy  ot)'rromherur{iil,ortofiKht9pullies  'o  the  body 
of  Jupiter,  to  rob  him  of  oua  of  his  satelliles.  As  inun's  strength  i* 
limited,  >o  likewise  is  his  knowledge,  and  Ibese  bouuds  are  suited 
'to  lus  wuits.  He  meeta  with  opposition  every  where,  when  be 
colcn  upon  idle  spccululiout>.  But  he  proceeds  from  discovery  to 
discoTery.  which  discoveries  work  miracles,  when  he  eciiploys  him- 
•clf  iantaking  the  best  use  of  that  which  is  about  him.  Ourreasou 
is  always  attended  with  success  in  uniting  the  truths  of  experieoc*  J 
with  the  necessities  of  life,  in  making  a  prudent  use  of  the  benevo-  { 
leiice  of  the  Creator,  and  in  giiing  him  th«  glnry.  This  ii  the  ii 
lotaJ  of  human  knowledge, 

Ijth&i  U  Pluche.  Spet.  de  U  IfaOtn^'} 

Wc  bare  given  tbe  above,  not  because  we  approve  of  the  philo*  ] 
■opby  of  tbe  vortices,  but  as  containing  a  tolembly  fair  view  of  ibfl  1 
lllcOTies  that  preceded  it ;  and  a  curious  cpecimeu  of  the  dill'erent  j 
nodes  by  which  this  philosopliy  was  adiiered  lo.  in  opposition  to  tbe  1 
doctrine  of  nniversal  attraction,  as  long  as  il  could  posiiUy  be  d*  j 
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CHAPTER  I. 


GEOOHOST;  OB,  the    doctrine   of  TBB    ORIGin    AND 
OBNBEAL  BTEUCTUEE  OF  THE  EARTH. 


Ukdbb  the  Wemerivi  system  of  Minenlogyp  the  ttfmGedkgg  is 
altogether  iclinquiiihed»  or  only  incidentdly  referred  to»  as  import- 
ing abstract  and  imaginary  speculatioDS  coBcemiiig  the  forBitioii  of 
the  Earth :  while  the  immediate  branch  of  science,  designed  to  be 
glanced  at  lo  the  present  chapter,  is  denominated  Geagnuy*  We 
have  no  objection  to  the  last  term  in  tlie  sense  thus  signiBed ;  bnt 
shall  restore  the  term  Geology,  and  employ  it,  as  its  derivation  will 
leadily  justify  our  doing,  in  a  classific  form^  importing  the  general 
doctrine  tf  the  earth  in^its  insentient  or  unorganised  frame;  and 
consequently  as  comprising  equally  its  suhitmauant  superfiekttt  and 
mimosphirical  phenomena. 

Before  we  enterj  however,  upon  these  particular  parts  of  our 
subjectj  it  becomes  us  to  offer  a  brief  view  of  what^  so  far  as  we 
are  capable  of  determining  from  an  actual  survey  of  nature,  appean 
to  have  been  the  origin  of  the  earth,  as  to  its  present  structure  and 
constitution,  comprising  that  introductory  branch  of  geological 
science,  which,  as  we  have  already  observed,  professor  Werner  has 
distinguished  by  the  name  of  Geognosy. 

The  object  of  Geognosy  is  to  unfold  the  general  make  of  the 
globe ;  to  discover  by  what  causes  its  parts  liave  been  arranged; 
from  what  operations  have  originated  the  general  stratificattoo  of 
its  materials,  the  inequalities  witli  which  its  surface  b  diversifiedi 


•nd  llie  iomltiise  dunaber  of  different  subitBima  of  wbich  it  b  todt^  I 
powd.  .1 

In  pimoiog  thh  invedigation,  naay  difficullieg  ouui  In  us.  lU  1 
b«re  unfict  or  mere  crust  of  tlic  solid  substance  of  the  earth  is  tht  5 
whole  lint  we  are  ca|)»ble  of  buritig  ii)to,  or  of  acquiring  a  kuo^  j 
ledge  o^  even  by  the  deepest  clelb  uf  volcanoes,  or  the  boltonts  oF>l 
the  deepeit  seu,  II  is  not  ofteii,  Iiuwever,  that  we  have  a  posd>  I 
bilitv  of  examining  either  teas  or  volcanoes  at  their  hottom;  tU'l 
inbibiiable  part  ot  llie  globe  bears  but  a  small  portion  to  the  aniD-  1 
InMtxble,  and  ihe  civilized  an  intinilely  smaller  proportion  stilL-'J 
Hence,  our  ex|>erience  must  be  necessarily  extremely  limited;  %M 
fiiouiiand  facls  may  be  readily  ronceived  to  be  unfolded  that  we  aik  i 
fecapabic  of  accounting  for,  and  a  variely  of  theuries  are  daily  iRj>  1 
q^aring  while  other  theories  arc  slartmg  up  in  Ibeir  stead.  "4 

So  f»t  as  the  superficies  of  the  earth  has  been  laid  o))eii  to  us  bjf  1 
Rvines,  rivers,  mines,  &c.  we  find  it  composed  of  stony  massM^  4 
tenwtimes  simple,  as  liuie-slone,  serpeutiue,  or  qoartE-,  bui  molti  1 
fnt^MsiOy  compound,  or  composed  uf  Iwa  or  more  simple  mate- fl 
rials,  nriouslv  mixeil  and  united  together,  as  granite,  which  is  fed 
compowtion  of  quartz,  felspar,  and  mica.    Thc^  siouy  mnssea*  J 
or  nAs,  are  numerous,  and  they  appear  to  be  laid  one  over  Ibbtd 
Other,  so  that  a  rock  of  one  kind  of  itone  is  covered  by  anoTh«k^|i 
(pccies  ol  rock,  and  Ibis  hy  u  third,  and  so  on.     Id  this  xnperpos^fl 
tion  of  rocks,  it  is  easily  obiervable,  tbat  their  situation  is  not   * 
arbitrary;  every  stratum  occupies  a  deierminale  place,  so  that  lliey    ^ 
follow  each  other  in  regular  order  from  the  deepest  part  of  the 
earth's  enwt.  which  ha*  been  examined,  to  the  verj*  surface.    Thus 
there  are  two  thiugs  resperling  rocks,  tlral  peculiarly  claim  out 
attention:  their  composition  and  their  relative  situation.     But,  be- 
aides  the  rocks  which  constitute  the  earth's  crust,  there  arc  ortiet 
massea  wiricfa  must  also  be  considered.    These  traverse  the  rack*  ■ 
in  a  diflereni  direclion,  and  aiv  knowD  by  the  name  of  veins,  as 
the  rocks  had  split  asunder  in  dift'erent  places  from  top  to  bottnr 
nd  (be  diasms  had  beeu  afterwards  tilled  up  with  the  mstter  whIeS  < 
•omiilutes  the  vein. 

Independently  of  the  substauees  thus  presented  to  us,  we 
Witli  facts  that  prove  roost  decisively  that  the  general  mass  bti  ' 
VDdergone  various  revolutions  at  various  times,  and  revolutions  not 
'  JHtf  of  gMrt  mtiquity,  but  of  universal  extent.    We  have  the  most  ^ 
04 


fiSd         OIIGIV  AND  8TRUCTVEB  OF  THE  BARTB* 

unexampled  proofs  thtt  its  whole  snrfmce  has  been  covered  with 
water,  and  that  every  part  of  it  has  suffered  change ;  moantains 
have  been  raised,  plains  levelled^  islands  separated  from  a  continent, 
and  the  waters  collected  so  as  to  leave  an  elevated  land.  We  find 
it  difficult  to  conceive  causes  adequate  to  the  production  of  such 
effects;  and  operations  so  immense  seem  too  remote  from  any 
means  of  investigation  which  we  possess,  to  admit  of  being  ex- 
plained. 

One  point,  however,  in  the  midst  of  all  the  intricacy  that  sur- 
rounds  us  still  remains  decided,  that  the  shell  of  the  globe  has,  at 
some  period  or  other,  been  in  a  state  of  fluidity,  and  that  from 
this  circumstance  has  arisen  its  present  anangeoMnt.  Now  the  only 
two  causes  that  can  enter  into  the  mind  of  man  as  bemg  competent 
to  such  an  effect  are,  the  operation  of  fire,  or  of  some  solvent ;  and 
hence  our  researches  become  in  some  degree  limited  to  the  inquiry 
by  which  of  these  means  this  effect  has  been  induced.  If  a  solvent 
have  been  the  cause,  that  solvent  must  have  been  water,  for  there 
tt  no  other  fluid  iu  nature  in  sufficient  abundance  to  have  acted  the 
part  of  a  solvent  upon  a  scale  so  prodigious. 

Hence,  then,  two  distinct  theories  arise,  which  appear  to  have 
been  agitated  urith  considerable  warmth  in  former  times,  but  with 
a  much  greater  degree  of  warmth,  and  much  deeper  view  of  the 
subject,  in  the  present  day.  Is  the  present  structure  of  the  solid 
contents  of  the  earth,  so  far  as  it  is  capable  of  examination,  the 
result  of  igneous  fusion,  or  of  aqueous  solution  ?  Is  the  Plutonic 
or  the  Neptuuian  system  founded  on  the  strongest  basis  1  In  ancient 
times  Heraclitus  took  the  lead  as  to  the  former;  and  Thales,  or  ra« 
ther,  perhaps,  Epicurus,  as  to  the  latter.  In  our  own  period,  though 
the  Plutonic  theory  was  first  revived  by  M.  BuflToPy  or  rather  per- 
haps by  Hooke,  its  defenders  are  now  chiefly  confined  to  our  own 
country,  and  consist  of  Dr.  Hutton,  professor  Playfiur,  and  very 
lately  of  Sir  James  Hall ;  names  unquestiona|)ly  highly  respectable, 
and  entitled  to  every  deference,  but  most  powerfully  opposed  by 
the  respectable  authorities  of  Werner,  De  Saussure,  and  Kirwan,  not 
to  mention  that  the  general  voice  of  geologists  is  very  coosiderablj 
in  favour  of  the  Neptunian  theory,  or  that  entertained  by  the  last- 
mentioned  philosophers. 

Plutonic  Theory.— U  According  to  this  system  there  is  m  the 
sub{>tance  either  of  the  entire  globe,  or  throughout  the  entire  crast 
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of  it  Willi  wlikli  we  are  acquainted,  &  regular  series  of  decay  and 
renovation,  and  tbe  proccues  l)y  which  these  aie  affected  have  an 
unifonu  tdalion  to  each  other.  The  baldest  rocks  are  worn  down 
by  ail  aoil  water,  causes  which,  liowever  slowly  they  may  operate, 
arc  coottaot  in  their  action,  uad  which,  therefore,  in  iodefiuite  lime, 
niuit  be  ctjual  to  the  productioo  of  the  gieatest  effect.  From  tbe 
figure  of  lite  surface  of  tite  eartb,  tbe  decayed  luaterials  must  be 
carried  lowanh  tbe  ocean,  and  ultimately  deposited  in  its  bed- 
This  transportation  may  be  ioipeded  by  local  causes,  or  may,  in 
geocrsl,  be  extremely  slow,  yet  from  ttie  declivity  of  the  land  it 
nuut  necessarily  take  place,  and  may,  therefore  be  admitted  as  aa 
uniformly  operatiag  cause. 

2.  It  is  further  assumed,  that  at  certain  depths  in  the  mineral 
re|ioiu  an  immense  beat  is  constantly  present;  a  beat  wbicb  ope- 
rates  in  liie  fusion  and  consolidation  of  tbe  substances  deposited  in 
the^  regiouu.  To  the  action  of  this  subterraneous  lire  the  furma- 
tion  of  all  our  strata  is  attributed,  lor  by  this  they  are  again 
sublimed,  and  exposed  to  view  in  dilferenl  stales  of  combiuation 
ud  perfection.  These  strata,  therefore,  consist  of  the  wrecks  of  a 
fiiRner  world,  which  have  been  more  or  less  completely  fused 
by  tiib  agent,  and  by  subsequent  cooling  bave  been  consolidated. 

The  subterraneous  fire  lo  which  these  effects  are  ascribed  is  cou- 
ccivcd  to  operate  under  the  modification  of  compression,  ia  conse- 
(|nenccof  which,  from  various  facts  appealed  to,  and  to  a  certain 
extent  confirmed  by  some  very  valuable  experiments  by  Sir  James 
HaJI,  (provided  those  experiments  should  bear  tbe  test  of  farther 
aiquiry)  it  seems  pretty  clearly  ascertained,  that  when  certain  gastes 
ap(iertaining  to  the  fusible  substance,  as  CHrbonic  acid  for  example, 
are  rendered  incapable  of  flying  otF,  a  much  less  quantity  of  actual 
brat  b  lufficiciit  fur  the  purpose  of  fusion,  than  when  such  gasies, 
freed  from  a  heavy  su|]erincumbent  pressure,  liave  a  possibility  of 
eMaping.    ^~ow  the  subterraneous  tire  beiug  placed  at  immens* 

dqillu,  the  substances  on  which  it  operates  st  be  enormously 

oonpreswd ;  which  compression  will  prevent  their  volatiliziition  in 
siliole  or  in  part :  and  from  this  cireumsltuice  it  a  possible,  we  are 
lojd,  to  explain  appearances  and  qualities  in  minerals,  and  lo 
aiuwer  various  objections,  which  would  otherwise  ueigb  heavy 
against  tbe  hypothesis. 

,  ^.  Tl^  efcvation  of  the  strata  is  in  li^e  manner  tbe  result  of  (hii 
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tame  lublemneous  heat:  and  it  is  contended  that  nothing  bat  Ib^ 
ctlettive  and  forrible  power  which  is  hereby  produced  can  be  hMj 
conceived  adequate  to  $uch  an  effect. 

.  The  first  of  tliese  positions  is  not  ?ery  objectionable^  and  as  ftr  as 
relates  to  its  general  principle,  separated  from  the  positions  with 
which  it  is  connected^  may  be  admitted.  It  may  be  allowed  by  the 
Neptunian  as  well  aft  by  the  Plutonic  geologist,  that  the  ttrata  of 
the  earth  are  liable  to  waste,  and  that  the  materials  are  carried  fiir> 
ward  to  the  sea :  but  the  appearance  of  lime-stoDca  and  marbles 
contaming  shelb»  in  which  the  sparry  structure  is  u  perfect  as  it  is 
in  the  primary  lime-stone,  and  in  which  ate  distributed  veins  of  cry- 
stallised  carbonate  of  lime,  this^  and  a  variety  of  ftcts  like  thi^,  must 
at  all  times  militate  fatally  against  the  agency  of  fire  in  the  produc* 
tion  of  such  sparry  structure,  and  sneh  veins  of  ctystallintion ;  for 
in  every  instance  in  which  it  is  fbund  sufficient  to  prdduce  such  a 
structure,  it  must  necessarily  have  destrvqred  every  testige  of  th6 
structure  of  the  shells^  and  have  altogether  dissipated  the  carlMDnie 
acid,  necessary  for  the  vems  of  cfjstallised  carbonate  of  lime. 

Against  the  second  position  the  objections  are  indeed  strongs  and* 
if  we  mistake  not,  Insuperable.  **  It  is  not  fire,  says  Mr.  Playfair,  hi 
the  usual  sense  of  the  word,  bnt  heat,  which  is  required  for  this 
purpose ;  and  there  is  nothing  chimerical  in  snpposuig  that  nature 
has  the  means  of  produchig  heat,  even  in  a  very  great  degree^  witlH 
out  the  assistance  of  fiiel,  or  of  vital  air.  Friction  is  a  source  of 
heat,  unlimited,  for  what  we  know,  in  its  extent ;  and  so  perhaps 
are  other  operations,  both  chemical  and  mechanical ;  nor  are  either 
combustible  substances  or  vital  air  concerned  in  the  heat  thus  pro- 
duced. So  also,  the  heat  of  the  sun's  rays  in  the  focus  of  a  buning 
glass,  the  most  intense  that  b  known,  is  independent  of  the  sub- 
stance just  mentioned;  and  though  the  heat  would  not  calcine  a 
metal,  nor  even  bam  a  piece  of  wood,  without  osygenons  gas^  it 
would  doubtless  produce  as  high  a  temperature  in  the  absence  as 
in  the  presence  of  that  gas.*'  From  these  and  other  experiments, 
be  concludes, «'  that  it  not  absurd  to  suppose,  that  the  heat  of  great, 
dense,  and  fixed  bodies  may  be  consumed  by  the  greatness  of  the 
bodies,  and  the  mutual  action  and  reaction  between  theAi  and  the 
beat  they  emit.** 

In  reply  to  this  argument,  which  we  admit,  is  very  ingeniously 
conducted,  it  b  forcibly  asked,  by  the  author  of  the  Comparative 
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Vkw  of  the  im»  systeiss,  in  direct  reply  to  Mr.  FlayfiitT's  lUugtm*  * 
tioBi  of  tb«  HultooiaD  Theory,  "  To  ivhal  purpoM  are  tlie  tarioni '] 
sonroes  of  bMt  enumcrattd  id  this  leasoning?  To  prove  that  H  i, 
ni«y  eti»l,  or  be  produced  indejwndant  of  buraiog.  This  wll  bfl  f 
readily  granted  ;  but  the  reasoaing  can  |>TOve  nothiug  tstlber. 
C3II  be  satiiifactaril)'  shewn  Iliat  any  of  the  bnnwn  cnuses  of  b 
are  u  incapable  of  producing  tl  in  the  interior  pnrh  of  the  globe,  to'3 
tbat  extent  which  must  be  supposed  in  the  Huttoiitan  theory,  aid 
eombuition,  wlricli,  even  by  its  def<n<ilers,  is  confessed  to  be  iaxiM4 
qtnile  to  that  puqmse."  ■  f 

In  regard  to  the  third  general  position,  that  the  strats,  after  havi  i 
ing  beat  fused  and  consolidated  by  subterranean  heat,  ar«  eletBt«4'V 
bj  the  same  povrer,  the  same  general  objeclioa  is  aj^icable,  whier^ 
bis  been  already  urged  against  the  preceding  prmciple,  tii.  flie  dM^4 
fimlty  or  impossibility  of  obtaining  and  preserving  a  degree  of  hi 
tufficienl  fbr  such  a  puTposc.  And  even  were  IbU  granted,  no  pri4('i 
ciple  is  pointed  out  in  the  theory,  by  which  the  action  of  such  4 1 
power  can  be  regulated  ;  why  it  may  not  anticipate  nr  be  too  hit  i 
for  lis  doe  season  of  action,  and  be  a<i  ofieti  the  came  of  havoc  anj  \ 
disorder,  as  it  is  as«erteii  to  be  the  regular  and  pre^otdaiued  instrtiL  1 
ment  of  the  renovatiuu  of  a  continent.  Hence  the  principle  assumnl  1 
is  at  mm  gratuitous  and  intprobable. 

In  a  work  restricted,  like  the  present,  to  narrow  extent   in  lbs  i 
di«cu&wm  of  the  di0erent  articles  of  which  it  is   cemposetl,  it  B  j 
alwaya  ■  pohit  of  very  considerable  consequence  to  detect  insiip«rl>  i 
able   objeclious  to  a  system   in  limine ;  for  it  enables  a  writer  M  I 
appreprtale  many  of  bis  pages,  which  would  Otherwise  be  devoted  d 
to  the  itme  subjccr,  to  inquiries  of  more  importance,  becanse  vested  f 
on  a  fimiCT  foundation.     If  the  objections  lo  the  Plutuntr  theof^^ 
«  abrady  uijcd,  few  as  they  are,  be  conceived  decisive  (and  we  e^l 
K^rceiy  imagine  any  other  verdict  from  our  readers),  we  tnay  wifl 
bcnved  (be  iroulik  of  pointing  out  those  hic«nsistendeS  it  labout^ 
under,  as  well  in  regard  to  the  aclnal posil'mn  of  mai^  of  the  Stattf  ^ 
rochs  of  the  globe  contemplated  in  mas*,  as  in  llie  appearances  and 
properties  of  inffivtdtial  fossils :   though  we  feel  persuaded  that  ibt 
•rgnmniits  restriting  from  a  miunte  investigation  into  both  these 
poiuis,  would  be  altogether  as  complete  as  in  the  tjuestton  of  prla> 
ciple.     It  it  sufiicieot,  however,  to  observe,  that  notwithstanding  i» 
wmafcentt  of  ttnctnre,  mdeatent  of  appltcatioo,  notwitbatud- 
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iDg  the  specKNuncss  of  its  first  introduction^  and  the  tilents  with 
fihich  it  has  been  supported,  the  Plutonic  theory  is  built  upon  ms« 
sumption  alone.  It  lajfs  down  principles  which  it  cannot  support, 
and  in  statnig  observations  to  other  theoriesj  it  rather  clears  the 
way  for  the  advance  of  something  unborn  than  establishes  its  own 
positions* 

Nephtnkm  /AMry.-^Under  this  view  of  the  origin  and  structoie  of 
the  globe,  less  superb  indeed,  hut  possessing  a  much  wider  appeal 
to  fads  than  the  precedmg,  it  is  conceived  that  aqueous  solation 
has  been  the  agent  by  which  the  phsenomena  on  the  superficies  of 
the  globe  have  been  produced.  It  is  conceived  that  the  materials 
of  which  our  strata  consist  were  at  one  time  dissolved  or  suspended 
in  water,  and  that  from  this  fluid  they  have  successively  consolidated 
in  various  combinations,  partly  by  ciystallization,  and  partly  by  me- 
chanical decomposition.  Granite  being  the  rock  which  composes 
the  most  elevated  part  of  the  globe,  and  which  likewise  forms  the 
basu  on  which  the  greater  number  of  the  strata  rest,  is  supposed  to 
have  been  first  formed,  the  difierent  parts  of  which  it  consbta,  felsparg 
quarti  and  mica,  having  concreted  by  a  crystallixation  nearly  simnk 
taneous.  This  is  conceived  to  have  been  accompanied  with,  and 
followed  by,  a  similar  consolidation  of  the  other  primitive  strati, 
gneu,  micareous  schist,  argillaceous  schist,  porphyry,  quartz,  d:c 

Those  rocks  compose  the  chief  elevations  of  the  globe.  They  are 
never  found  to  contain  any  organic  remains,  and  of  course  their 
formation  must  have  been  prior  to  the  existence  of  the  vegetable 
and  anunal  kingdoms. 

From  the  period  of  tlie  fonnation  of  these  strata,  it  is  contended 
that  the  water  covering  the  surface  began  to  dimiiush  in  height  by 
retiring  gradually  into  cavities  in  the  internal  parts  of  the  earth. 
And  if  we  may  be  permitted  to  recur,  by  an  effort  of  the  imagon- 
tion,  to  that  epocha  in  which,  according  to  sacred  and  profane  his- 
torians, the  water  and  earth  were  confounded,  and  the  confused 
mixture  of  all  principles  formed  a  chaos^  we  shall  see  that  the  lawi 
of  gravity  inherent  in  matter  must  have  carried  it  down,  and  neces- 
sarily produced  the  arrangement  which  observation  at  present  ex- 
hibits to  us.  The  water,  as  the  least  heavy,  must  have  purified 
Itself,  and  arisen  to  the  surface  by  a  filtration  through  the  other  ma- 
terials: while  tlie  earthy  principles  must  have  precipitated,  and 
formed  a  mud,  in  which  all  the  elements  of  stones  were  confounded. 
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tn  ihii  very  natural  order  of  things,  the  geneni  law  of  aftinities,  vhkh  "t 
crnitmunlly  tends  to  bring  together  all  onalt^ous  parti,  must  hai 
cxerteH  il«Hf  with  its  whole  activity  upon  the  principles  of  tbii   ■ 
almotl  fluid  paste,  and  ihe  result  have  been  a  number  of  bodies  e{'4| 
■  iROre  dc6niie  kind,  iu  crjstalj  more  or  less  regular;  and  from  tl 
muddy  substHncc,  iu  which  the  principles  of  the  stones  were  con- 
fonnded  that  compose  the  granite,  a  rock  must  have  been  produce 
conlaiiiing  the  elementary  stoaei  all  in  possession  of  their  distilKl^1 
forms  and  characters.     In  this  mannei  it  is  that  we  observe  salts  oi 
««y  dil&rent  kinds  develop  (bemjelves  in  waters  which  hold  t 
in  solution ;    and   in   (his   manner   it   still   happens   that   cry 
of»|»r  and  gypsum  are  formed  iu  clays  which  contain  their  compOa4 
Dcnt  parts. 

Il  may  easily  be  conceived  tlist  the  laws  of  gravitation  must  have  ^ 
influenced  the  nrranijement  and  disposition  of  the  products.  Tbt'^ 
tnost  gross  ;ind  hravy  bodies  roust  have  fallen,  and  the  ligliiest  m 
mod  attcDualed  substances  must  have  arranged  themselves  on  I 
tuthee  of  the  foregoing  ;  and  this  it  b  wbicii  constitutes  the  prinii*^ 
ItrrscliisU,  thegneis,  the  rocksof  mica,  &c.  which  commonly  repos*'* 
ii|Mn  masses  of  coarse-grained  granite.  The  disposition  of  Ihe  line*  ^ 
gramed  granite  in  strata  or  beds,  appears  to  depend  on  this  positioi^4 
tmllbc  fineness  or  tenuity  of  its  parts.  Being  placed  in  immediate  ' 
contact  with  water,  this  fluid  must  naturally  have  induenced  tbe  i 
■rrangement  which  il  presents  to  us:  and  the  elements  of  this  rock^  4 
being  subjected  to  the  effect  of  waves,  and  llie  action  of  currenls^  " 
must  have  formed  siralu. 

Tbe  rocks  uf  granite  being  once  established  as  the  ground  work  a 
the  superficies  of  our  globe,  we  may,  from  the  analysis  of  its  consti 
luent  pttnciples,  and  by  attendbg  to  the  action  of  the  various  agent 
capable  of  altering  it,  follow  Ihe  cbangcs  to  which  it  has  bee 
jeefcd,  step  by  stiji. 

Water  is  the  principal  agent  whose  efiects  we  shall  examine.  Hiii  4 
floid,  collected  in  the  cavity  of  the  ocvan,  is  carried  by  the  atmo*'^ 
ipben  to  the  lops  of  the  most  elevated  imountiuias,  where  il  h  pro  4 
ripiMted  in  rain,  and  forms  torrents,  whiL-li  return  with  variotu-J 
degTMS  of  rapidity  into  the  commr  i  reservoir.  Tlte  uninterrupted  ^ 
mntion  and  fall  must  gradually  atlei  lale  vcd  wear  away  the  bardcat  t 
rocJta,  and  carry  dieir  detached  parts  to  distances  more  or  less  coOr^ 
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■tawphwc,  ftcilitate  Um  attanimtinB  and  the  dtttnictwii  •f  Aese 
locks.  Heiit  acli  iipoQ  tbdr  tarfke^  lad  rmden  k  son  «CDC«A 
nd  9K>ie peaetitbk  t^  the  water  which  succeed*;  coM  divides 
theas,  by  fivtiilig  the  water  wUch  has  entered  into  tfaehr  testaic : 
the  air  itself  aifords  the  add  pmqpk^  which  attadks  the  liaMstMe, 
and  causes  it  to  efloreBoe;  the  ozjgen  unites  to  the  iraD*  and  cal« 
cmes  it:  insonmch  that  the  concurrenee  of  causes  finroun  the 
disunion  of  prindples;  and  consequently  the  aetion  of  water, 
ivhicii  clears  the  snrfiMe,  carries  away  the  products  of  deoanposi- 
tMll^and  nnkes picpaiation  fbt  a  succeeding  processof  the  same 
nature. 

The  first  efieet  ef  the  rain  is  therefore  to  depress  ttie  moontani. 
But  the  stones  which  compose  them  must  resist  in  proportion  to 
their  hardness;  and  we  ought  not  to  be  suiprised  when  we  obserre 
peaks  which  have  braved  the  destructive  action  of  tinci  and  stiU 
remain  to  attest  the  primitive  level  of  the  mountains  which  have 
disappeared.  The  prinutive  totks,  alike  inaccessible  to  the  ksiinry 
of  ages  u  to  the  animated  beings  which  cover  less  elevated  bkhmi- 
tarns  with  their  rensamsy  may  be  considered  as  the  sonrce  or  origip 
of  rivers  and  streaaM.  Tiie  water  which  falls  on  their  awnmits 
flows  down  in  torrents  by  their  lateral  surfiu^es.  In  its  course  it 
wears  away  the  soil  upon  which  it  incessantly  acts.  It  hollows  out 
a  bed,  of  a  depth  proportioned  to  the  rapidity  of  its  course,  the 
quantity  of  its  waters,  and  the  hardness  of  the  rock  over  which  it 
flows ;  at  the  same  time  that  it  carries  along  with  it  portions  and 
fragments  of  such  stones  as  it  loosens  in  its  course. 

These  stones,  rolled  akmg  by  the  water^  must  strike  together,  and 
break  off  their  projecting  angles :  a  process  that  must  quickly  have 
aflbrded  those  rounded  flints  which  form  the  beds  of  rivers.  These 
pebbles  are  found  to  diminish  in  siae,  in  proportion  to  the  distance 
from  the  mountain  which  afibrds  them;  and  it  is  to  this  cause  thit 
Mr.  Dorthes  has  referred  the  disproportionate  magnitude  of  the 
pebbles  which  form  our  ancient  worn  stones,  when  compared  with 
those  of  modem  date|  for  the  sea  extending  itself  formerly  much 
more  inland,  in  the  direction  of  the  Rhone,  the  stones  which  it  re« 
ceived  from  the  rivers  and  threw  back  again  upon  the  shores,  had 
not  run  through  so  long  a  space  in  their  beds  as  those  which  they 
«t  present  pass  over.  Thus  it  is  that  the  remains  of  the  Alps^ 
^ntnui  along  by  the  Rhone,  have  successively  covered  the  vast 
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tBtcml  cnrapritcd  between  tbc  mouiitaiiu  of  Daiipliiuy  and  Viva- 
rmii,  and  arc  carried  iiitii  seas,  which  de|)osit  tlicm  ia  iinall  pebble* 
t>D  tite  ihoie. 

The  pulverulent  remains  of  mountains,  or  tLe  powder  wfaicli 
reaulu  from  ilie  rounding  of  these  flints,  are  carried  along  with 
greater  focility  than  llic  flints  themselves:  ibey  float  for  a  long 
liiuc  io  the  water,  whose  transparency  the;  impair;  and  wlteu 
these  same  waters  ure  less  agitated,  and  tlieir  course  becomes 
lUckened,  they  are  drpouted  in  a  tine  and  light  paste,  forming 
beds  more  or  less  lliick,  Hud  of  the  same  nature  as  that  of  the 
roclts  to  which  thvy  owe  their  origin.  These  strata  giadiiallf 
grow  drier  by  the  agglutination  of  their  principles  i  they  become 
c«tisisl«tit,  acquire  hardness,  and  form  siliceous  clays,  silei,  petio- 
silex,  and  all  the  numerous  class  of  pebbles  which  are  fouod  dis- 
prrsfd  in  strata,  «r  ui  bunks,  in  tlie  ancieut  beds  of  rivers.  The 
nad  is  much  more  frequently  deposited  m  tlie  iulerstices  left 
between  the  rounded  flints  lliemselves,  which  intervals  it  fills,  and 
tbtre  forms  a  true  cement  that  becomes  hard,  anil  conatitulet  the 
conpound  stones  known  by  the  oaine  of  pudding-stones  and  grit- 
■tooes ;  for  these  two  kinds  of  stones  do  not  appear  to  difier  but  iii 
ibc  coarseness  of  llie  grain  which  forms  them,  and  the  c«uwnt 
which  connects  ihero  together. 

We  sometimes  observe  the  gnmJte  spontaneously  decomposed. 
Tbe  te&lnre  of  the  stones  which  form  it  has  been  destroyed  i  the 
principles  or  component  parts  are  disunited  and  separated,  and 
ihry  are  gradually  curried  away  by  the  waters.  Water  filtrating 
Ibrongh  mountains  of  primitive  rock,  frequently  carries  along  with 
it  very  minulety-dividi'd  particles  of  quartz  ;  and  proceeds  to  form, 
by  deposition,  stalactites,  agates,  rock  crystal,  &c.  These  quartzojc 
■lalactilM,  differently  coloured,  arc  of  a  fomiation  considerably 
■Dalogoiis  to  that  of  calcareous  alabasters;  and  we  perceive  no 
other  tliffcrence  between  them  than  that  of  their  constituent  parts. 
Thus  iar  we  have  exhibited,  in  a  few  words,  the  principal  changes, 
■ltd  Tarious  modifications,  to  which  the  primitive  rocks  have  been 
•nlyected  :  but  we  have  not  yet  observed  either  germination  or  life^ 
and  Ihe  metals,  sulphur,  and  bitumens,  have  uot  hitherto  presented 
lliemselves  to  our  observattou.  Their  formation  appears  to  bavc 
been  posterior  to  tbe  existence  of  this  pruuilive  globe ;  and  ttie 
l,defi4)gpostUQRp  mbuA  i|o«  lenuiiii  to  be  ioquireil 
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intO|  seem  to  have  been  produced  by  the  tribes  of  living,  or  orpni- 
iied  beiugs. 

On  the  one  hand,  we  behold  the  namerous  class  of  shell  aoimalsp 
which  cause  the  stony  mass  of  our  globe  to  increase  by  their  remains. 
Hie  spoib  of  these  creatures,  long  agitated  and  driven  about  by  the 
waves,  and  more  or  less  altered  by  coUnion,  fohn  those  strata  and 
banks  of  lime-stone,  in  which  we  very  often  perceive  impressions  of 
those  shells  to  which  they  owe  their  origin.  On  the  other  hand,  we 
observe  an  enormous  quantity  of  vegetables  that  grow  and  perish  in 
the  sea ;  and  these  plants,  likewise  deposited  and  heaped  together 
by  the  currents,  form  strata,  which  are  decomposed,  lose  their 
oiganizationj  and  leave  all  the  principles  of  the  vegetable  con* 
founded  with  the  earthy  principle.  It  is  to  this  source  that  the 
origin  of  pit-coal,  and  secondary  schistus,  is  usually  attributed ;  and 
this  theory  b  established  on  the  existence  of  the  texture  of  decom- 
posed vegetables  very  usually  seen  in  schisti  and  coal,  and  likewise 
on  the  presence  of  shells  and  fish  in  most  of  these  products.  It 
appears  that  the  formation  of  pyrites  ought  in  part  to  be  attributed 
to  tlie  decomposition  of  vegetables:  it  exbts  in  greater  or  less 
abundance  in  all  schisti  and  coal.  A  wooden  shovel  has  been 
found  buried  In  the  depositions  of  the  river  De  Ceze,  converted  into 
jet  and  pyrites.  The  decomposition  of  animal  substances  may  be 
added  to  this  cause:  and  it  appears  to  be  a  confirmation  of 
these  ideas,  that  we  find  many  shells  passing  to  the  state  of 
pyrites. 

Not  only  the  marine  vegetables  form  considerable  strata  by  their 
decomposition;  but  the  remains  of  those  which  grow  on  the 
surface  of  the  globe  ought  to  be  regarded  among  the  causes  or 
agents  which  concur  in  producing  changes  upon  that  surface.  We 
shall  separately  consider  how  much  is  owing  to  each  of  these 
causes ;  and  shall  follow  the  efiects  of  each,  as  if  that  cause  alooe 
was  employed  in  modifying  and  altering  our  planet. 

I.  The  secondary  calcareous  mountains  are  constantly  placed 
upon  the  surfiice  of  the  primitive  mountains :  and  though  a  few 
solitary  observations  present  a  contrary  order,  we  ought  to  consider 
this  inversion  and  derangement  as  produced  by  shocks  which  have 
changed  the  primitive  disposition.  It  must  be  observed  also,  that 
the  disorder  b  sometimes  merely  apparent;  and  that  some  natural- 
ists of  little  information  have  described  calcareous  mountains  as 
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inclining  beneath  the  graniro,  because  llrn  last  pierces  ihrotigli  tb»^J 
envelope,  Hmi  to  a  gKBler  Iieight,  and  leaves  at  his  Teet,  almotlffl 
beneath  it,  tbe  calcareous  remains  deposited  al  ill  base.  *  J 

SdineltnKs  even  tbe  liine-stune  fills  ta  a  ver^  great  ilcptli  the  J 
erevirts  or  clefts  formed  iu  tlie  granite,  Hnmetimes  scbbtu;,  or  trap^'jl 
Dcmionally    containing   petrifactions.    These,  in   ibe   Wemet1m<J 
avstem,  are  called  ititermediale  or  transition  rocks  or  strata.    It  lik«^  J 
Rise  bnppens  frequently  enough  tlial  sucb  waters  as  are  loaded  wlllf*'  ■ 
tbe  remains  of  tbe  primitive  granilc  lii-ap  them  logetber,  and  forn' 
•erondary  gianites  wliicb  may  exist  above  tlie  calcareous  stone.' 
Tfae«e   calcareous  mountains   are  decomposed  by   the   combined 
action  of  air  and  water ;  and  ttie  product  of  their  decompositton 
■ometimes   forms  chalk   or  tnarle.     The   lightness  of  this  eaitb 
tntders  it  easy  to  be  transported  by  water;  and  this  fluid,  which 
doesnol  possess  the  property  of  holding  it  in  solution,  soon  depouts 
it  in4be  form  of  gurlii,  alabasters,  stalactites,  &c.     Spars  owe  their 
fomaticKi  to  no  other  cause.     Their  cfyslallizatiou  is  posterior  to: 
Ibe  ofi^n  of  calcareous  mountains. 

Watcn  wear  down  and  carry  away  calcareous  mountains  with 
graletease  than  tbe  primitive  mountains:  their  remains  being  verjr' 
ligH  OK  rolird  along,  and  more  or  less  worn.  Tlie  rtaguienli  of 
thtm  roda  are  sometimes  connecIe<l  by  a  gluten  or  cement  of  the' 
nine  iMliire;  from  which  process  calcareous  grit  and  brecclai 
arise.  Thewe  calcareous  remains  formerly  deposited  themselves 
upon  the  qnartozes  and  ;  and  the  union  of  primitive  mailer  and 
secondary  products,  give  rise  to  a  rock  of  a  mixed  nature, 

2.  The  moQutaim  of  secondary  scbblus  frequently  exhibit  to  ui 
a  pare  mixture  of  earthy  principles,  without  the  smallest  vestige 
bilunien.  These  rocks  afford,  by  anitlysis,  silcx,  alumina,  magnesia^^M 
bnie  in  tbe  ^te  of  carbonate,  and  iron  :  principles  which  are  more  or*  ^ 
less  united,  and  consequently  accessible  in  varions  degrees  to  ibti  ' 
action  of  such  agents  as  destroy  tbe  rocks  hitherto  treated  of. 

The  tame  principles,  when  disunited,  and  carried  away  by  waters, 
girc  riK  to  a  great  part  of  the  stones  which  are  comprised  in  ^^A 
clau.     Tbe  same  elements,  worn  down  by  the  walenftt 
depocited  under  circiiinslauces  projier  to  facilitate  crystallia4l 
tioo,  form  the  schorls,  tourmaline,  garnets,  &c.     We  do  not  pre- 
tend by  tfaia  to  exclude  aud  absolutely  reject  the  system  of  sucV'J 
BHQTmiiaU  as  attribute  the  formation  of  magnesian  stones  to  ib#  f 
I  tOL.  I.  K 
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decompoiitioo  of  the  primhi? e  rocks.  But  we  think  that  thb  fef 
mation  cannot  be  objected  to  for  seveial  of  them,  more  especiaUy 
such  as  contain  nmgnesia  m  the  greatest  abundance. 

It  frequently  happens  that  the  secondary  schists  are  intervpersed 
witli  pyrites ;  aud,  in  this  case^  die  simple  contact  of  air  and  water 
facilitates  their  decomposMioo.  Sulphuric  acid  is  thus  formed, 
which  combines  with  the  various  constituent  principles  of  the  stone ; 
whence  result  the  sulphats  of  iron,  of  magnesia,  of  alumina,  and  of 
lime>  which  effloresce  at  the  surface*  and  rtttain  confounded  together* 
Schbts  of  this  nature  are  wrought  in  most  places  where  alum  works 
have  been  established :  and  tlie  most  laborious  part  of  this  under- 
takmg  consuts  in  separating  the  sulphats  of  iron^  of  lime»  and  of 
magnesia  from  each  other,  which  are  mixed  together.  Sometimes 
the  magnesia  u  so  abundant  that  its  sulphat  predominates.  The 
sulphat  of  limtp  being  very  sparingly  soluble  in  water,  is  carried 
away  by  thatliquid^  and  deposited  to  form  gypsum,  or  the  earth  of 
plaster  of  Paris ;  while  the  other  more  soluble  salts,  remaining  sas- 
peudedj  form  vitriolic  mineral  waters*  The  pyritous  schists  are 
frequently  impregnated  with  bitumen,  and  the  proportions  coustitate 
the  various  qualities  of  pit-coalr 

It  appean  that  we  may  lay  it  dowE  as  aE  incontestable  primd/kr 
that  pyrite  is  abundant  iu  proportion  as  the  bituminous  principle  is 
more  scarce.  Hence  it  arisesy  that  coals  of  a  bad  quality  are  the 
most  sulphureous,  and  destroy  metallic  vessels,  by  cenvarting  tbem 
into  pyrite.  The  foci  of  volcanoes  appear  to  be  formed  by  a  schist  of 
this  nature ;  and  in  the  analyses  of  the  stony  matters  which  are 
ejected,  we  find  >he  same  principles  as  those  which  constitute  thb 
schbt.  We  ought  not  therefore  to  be  much  surprised  at  finding 
schorU  among  volcanic  products;  and  still  less  al  observing  that 
subterranean  fires  throw  sulphuric  salts,  sulphur,  and  other  aaalo* 
gous  products,  out  of  the  entrails  of  the  earth. 

3.  The  remains  of  terrestrial  vegetables  exhibit  a  mixture  of  pri* 
mitive  earths  more  or  less  coloured  by  iron :  we  may  therefore  ceo- 
sider  these  as  a  matrix  in  which  the  seeds  of  all  stony  combinatiom 
are  dbpersed.  The  earthy  principles  assort  themselves  accflfding  to 
^e  laws  of  their  affinities  |  and  form  crystab  of  qpar,  of  plaister, 
and  even  the  rock  crystals,  according  to  all  appearance :  for  we  find 
ochreous  earths  in  which  these  crystals  are  abundantly  diqierscd; 
we  see  them  formed  almost  under  our  eyes.    We  have  frequently 
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ubaprred  indunted  ochres  full  of  these  cryalals  termioalbg  ti 
pyramtita. 

The  uclireous  earths  appear  to  deserve  llie  greatest  attention  o 
rtaluralati.  Tliey  conslitule  (me  of  the  most  fertile  iiieans  o 
uctiuu  which  nature  riiiployt;  anil  it  it  even  in  earths  tieariy  ainiiU 
to  iheie  that  she  elahorales  tlie  iliumutid,  iu  the  kiiigtloms  o 
Cjtilconilw  and  Visiapour.  ^ 

The  spoils  of  animals,  which  live  on  the  surface  of  the  globe,  i 
rntilled  to  some  consideration  among  the  number  of  cuiiSes 
we  aasign  lo  explain  the  v»ribus  dianges  our  pliinet  is  sul^ec 
We  find  hones  in  a  state  of  considerable  preservation  iu  certi 
(liaccs;  wc  can  even  frequently  enough  distinguish  the  species  of 
Dm  anituaU  to  which  they  have  belonged.  From  indications  of  Ihit 
■oit  il  is  that  some  writers  have  endi'avoured  to  explain  the  disa[K 
prarance  of  certain  species  ;  and  to  draw  conclusions  thence,  either 
tiul  our  planet  is  perceptibly  cooled,  or  that  a  lensible  change  has 
l^«n  place  in  the  po«itiuu  of  the  aiis  of  the  earth.  The  phosphoiic 
■mill  and  phosphorus  which  have  been  found,  in  our  time,  in  combi*. 
nation  with  lead,  iron,  l\'c.  prove  thai,  in  proportion  as  the  principle!' 
are  disengaged  by  animal  decomposition,  they  combine  with  other 
bodiett,  and  form  the  nitric  acid,  the  alkulies,  and  in  general  all  the 
Bumeroiu  kinds  of  nitrous  salts. 

In  examining,  then,  the  merits  of  the  antagonist  systems  of  geo* 
logy  MOW  tiered,  we  have  no  objection  to  confess,  that  to  tbt 
Uiin«ian  belongs  the  praise  of  novelty,  boldnesi  of  conception,  and 
■Dliiailed  extent  of  view.  It  aspires  not  only  to  account  for  the 
pcciani  appearances  of  the  earth,  but  to  trace  a  plan  by  which  th« 
forraaliui)  of  successive  worlds  is  developed  :  it  seeks  to  extend  tliat 
onI«r  mud  arrangement,  that  principle  of  balance  and  restoration' 
ob«erv«d  in  ill  the  depaitments  of  nature,  to  tbecoustilulionof  the 
globe  jbdf. 

With  thb  system  the  Neptunian  forms  a  perfect  contrast.  It 
fMHiam  uol  to  carry  its  researches  beyond  (he  comraeucement  of 
tbe  preMBi  world,  or  to  extend  them  beyond  its  lemiinatiou.  All 
IbepbrnomenB  of  geology  conspire  to  prove  that  wuler  has  been 
tbr  gmt  agent  by  which  rocks  have  been  formed,  and  the  surface 
of  Ibe  earth  arranged.  It  does  not  pretend  to  deny  the  existence  of 
uiblcrratwan  fires  to  ■  certain  eileat,  or  that  many  of  the  phxno* 
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meaa  whidi  strike  us  nMwt  fticiblj  naj  be  tke  mah  of  such  wm 
agency ;  Iwtit  does  deny  that  sncb  an  agency  b  the  grandor  gene- 
ral cawe  of  the  geological  CmIs  and  appearanoes  that  accost  as  on 
every  side,  and  denies  still  farther  that  any  soch  fire  or  heat  can 
ciist  to  an  enteat  competent  to  soch  an  extent.  While  the  science 
lemains  in  an  imperfect  stsde^  deficiencies  may  be  foond  in  the 
application  of  its  general  principle.  Bat  we  diseover  no  iocoosis* 
tcndes  with  tliat  princ^/  nor  oontradictioaB  lo  known  and 
established  tmths. 

More  especially  do  we  fce(  disposed  to  adhere  to  this  last  theory 
from  ita  general  comcidencie  with  the  cosmogony  of  the  Holy 
Scriptures.  The  Mosaic  acooont  bdecd  restrains  the  process  of 
creation^  and  the  period  in  wUcfa  the  waters  ooveiod  the  entiie  sur« 
hee  of  the  globe  to  a  linut  in  which,  **  if  the  terms  be  understood 
in  their  strict  and  literal  sense,  the  exbting  phsenomena  of  natue 
seem  to  erince  that  they  could  not  possibly  have  occurred :  for  it 
confines  the  entire  work  of  creation  within  the  compass  of  six  days. 
Iki  another  part  of  the  Scriptures,  however,  we  have  undemable 
proofs  that  die  term  day,  instead  of  being  restramed  to  a  sin|^ 
Kvolutioo  of  the  earth  around  its  azis^  is  used  in  a  kxieer  and  more 
general  sense,  for  m  definitej  indeed,  but  a  much  more  atensive 
period :  and  we  have  as  ample  a  proof  from  the  book  of  naturae  the 
cxistiug  face  of  the  earth,  that  the  six  days  or  periods  referred  to  in 
the  Mosaic  cosmology  imply  epochs  of  much  greater  dnratioii  than 
so  many  diurnal  revolutions-— as  we  have  in  the  page  of  hunsan  his- 
tory, that  the  same  terms  were  employed  with  the  same  laxity  of 
meaning  by  the  prophet  Daniel.  Thus  interpreted,  scepticism  is 
driven  from  her  last  and  inmost  fortrem :  every  subterfuge  is  amuhi* 
lated,  and  the  word  and  work  of  the  Deity  are  in  perfect  unisoD  with 
each  other.  That  the  Creator  might  have  produced  the  whole  by  a 
ringle  and  instantaneous  effort,  is  not  to  be  deuied :  but  as  both 
revelation  and  nature  concur  in  asserting  that  such  was  not  the  fact, 
it  is  no  more  derogatory  to  him  with  whom  a  thousand  years  are  but 
as  one  day,  and  one  day  as  a  thousand  yeani,  to  suppose  that  he 
allotted  rix  thousand  years  to  the  completion  of  his  design  than  dmt 
he  executed  it  in  six  days.  And  surely  there  is  something  far  more 
maguificent  in  conceiving  the  world  to  have  progressively  attamed 
form,  order,  and  vitality,  from  the  mere  operation  of  powc||oi 


noiunted  to  it  ia  a  state  of  chaos,  or  imfubioned  nuUter,  llian  uf 
•iipposing  the  actual  and  persevering  exeiiious  gf  (lie  Almighty  for    i 
B  definite,  altboiigli  a  shutter  period  of  litnc. — EJiior.    Sec  i 
GooJ  uil  Grtgory'i  Paataiogia,  and  ComparUipt  Staiemnt  <iflkt 
Hiilttmam  and  Neptunian  SyUrmt  qf  Gtohgy. 


ptSTORYOFTHE   GEKBRAL    DBL0QE,  ANB  OPINIONS 

CONCERNTNQ   IT. 


iSiKTESN  huadred  and  {\Uy-i\%  yean  aflcr  the  eartb  wan  ma^i    i 
And  infaabiled,  il  was  overflowed  and  destroyed  in  a  deluge  of  water:    | 
iMl »  deluge  tliat  was  iialiooal  ooly,  or  over-ran  some  patticul^r  { 
r^ioo ;  but  lliat  overspread  tbe  (ace  of  tbe  whole  eartli, from  polettf  J 
(wle,  and  from  east  to  weit ;  and  that  in  sucli  eitcess,  that  the  floo<|t  I 
orer^overed  lite  lopa  of  ibe  highest  mountains ;  the  raina  desceotk  J 
ing  al^r  an  unusual  manner,  and  tlie  fountains  of  tbe  great  deep  |w 
ing  broken  open;  so  that  a  general  destruction  and  devastation  weie 
brought  Dpoo  tbe  earth  and  all  things  in  it,  mankind  and  other  liy* 
ing  creatures:  eicepiing  only  Noah  and  his  family,  who,  by  a  sp»> 
cial  providence  of  God,  were  preserved  in  n  certain  ark,  or  vessel* 
with  sucb  kinds  of  living  creatures  as  he  took  in  with  him.     Aftei  i 
(but  waters  had  raged  for  some  time  on  the  earth,  they  began  |^  1 
Icawu  and  shrink ;  and  Uie  great  waves  and  fluctuations  of  this  deep,  J 
or  abyss,  being  quieted  by  degrees,  the   waters  retired  into  tlujr  ' 
cbaoneJi  sod  caverns  wilbb  tbe  earth  ;  and  the  nuHintains  and  fielJc  j 
began  to  appear,  and  the  whole  habitable  earth  in  that  form  and   i 
tfaifN  wherein  we  now  see  it.    Then  tbe  world  began  again ;   and*  i 
boxa  that  little  remnant  preserved  in  tbe  ark,  the  present  race  of  J 
tnaokiud,  and  of  auiinaU,  in  (he  known  parts  of  the  earth,  wen  f 
propagated.     Tbus  jierished  the   old  world,  and  the  present  a. 
from  the  ruins  and  remains  of  it. 

This  is  a  short  story  of  tlie  greatest  event  that  ever  happened  I 
ft  the  wolUi:  tbe  greatul  nvolulioD,  and  tbe  greatest  cbange  ■•  J 
B  5 
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nature  ?  and  wliich  justly  therefore  deserves  to  be  more  particnhrly 
considered  in  all  its  circumstances.  ' 

Tiiat  there  was  such  an  universll  destruction  by  water,  as  is  re- 
lated by  Moses»  is  confirmed  by  the  concurrent  testimonies  of  seve- 
ral of  the  most  ancient  writers  and  nations  in  the  world.  The  Chal- 
dean records  give  the  following  account  of  it,  as  they  have  descend- 
ed to  us  from  Berosus.  Chronus  or  Saturn  appeared  in  a  dream  to 
Xisuthrus,  the  tenth  of  the  Chaldean  kings,  according  to  the  table 
of  Africanus,  and  warned  him  tbat  on  the  fifteenth  of  the  month 
Daesius,  mankind  would  be  destroyed  by  a  flood:  and  therefore  com* 
manded  him  to  write  down  the  origiuaU  iutermediate  state,  and  end 
of  all  things,  and  bury  the  writings  under  ground  in  Stppara,  the 
city  of  the  sun ;  that  he  should  also  build  a  ship,  and  go  into  it  with 
his  relations  and  dearest  friends,  having  first  furnished  it  with  provi- 
sions, and  taken  into  it  fowls  and  four-footed  beast? ;  and  that  when 
he  had  provided  every  thing,  and  was  asked  whither  he  was  sailing, 
he  should  answer, "  To  the  gods,  to  pray  for  happiness  to  mankind/ 
Xisuthrus  did  not  disobey*  but  built  a  vessel,  whose  length  was  five 
Airlongs,  and  breadth  two  furlongs.  He  pat  on  board  all  that  he 
was  directed,  and  went  into  it  with  his  wife,  children,  and  friends. 
The  flood  being  come,  and  soon  ceasing,  Xisuthrus  let  out  certain 
birds,  which  finding  no  food,  nor  place  to  rest  upon,  returned  again 
to  the  ship.  Xisuthrus,  after  some  days,  let  out  the  birds  again ;  but 
they  came  back  to  the  ship,  having  their  feet  daubed  with  mud ; 
but  when  they  were  let  go  the  third  time,  they  came  no  more  to  the 
ship,  whereby  Xisuthrus  understood  that  the  earth  appeared  agam ; 
and  thereupon  he  made  an  opening  between  the  planks  of  the  ship^ 
and  seeing  that  it  rested  on  a  certain  mountain,  he  came  out  with 
his  wife,  and  his  daughter,  and  his  pilot ;  and  having  worshipped 
the  earth,  and  raised  an  altar,  and  sacrificed  to  the  gods,  he,  and 
those  who  went  out  with  him,  disappeared.  They  who  were  left 
behind  iu  the  ship,  finding  Xisuthrus  and  the  persons  that  accom* 
panied  him,  did  not  return,  went  out  themselves  to  seek  for  bun, 
calling  him  aloud  by  his  name ;  but  Xisuthrus  was  no  more  seen  by 
them ;  only  a  voice  came  out  of  the  air,  which  injoined  them,  as 
their  duty  was,  to  be  religious ;  and  informed  them,  that,  on  ac- 
count of  his  own  piety,  he  was  gone  to  dwell  with  tlie  gods  ;  and 
that  his  wife  and  daughter,  and  pilot,  were  partakera  of  the  same 
honour.    It  also  directed  them  to  return  to  Babylon,  and  that,  as 


the  fel«B  bad  ordained,  they  should  lake  the  nritiiigs  from  Si[)pan. 
aud  eommuniciile  tlieni  lo  manbinil ;  nod  lold  them  (Itat  the  plat 
where  rher  were  was  the  counlTy  of  Armenia.  When  the*  lia 
kvud  Iba,  they  ofiered  sacrifice  to  (he  goda,  aiKt  unanimously  wei 
la  Babylon ;  and  when  they  came  Ibilher,  they  dug  up  (lie  writingiP  j 
■I  St)qnn,  built  many  cities,  raised  temples,  and  rebuHt  Babylon. 

That  the  l^gyplians  were  no  grangers  to  this  event,  appears  uof  ,1 
Mily  from  those  circumstances  in  the  story  o(  Osiris  aii<l  Tvphod^  1 
mentioned  above,  but  from  the  teitimony  of  Plato,  who  savs,  that  tf.  4 
certain  Egyptian  priest  recounted  to  Solon,  out  ut'  (lirir  sac 
books,  the  Jbistory  of  the  universal  flood,  wliicfa  happened  long  be'  I 
fore  tbe  |>ar1icular  inundations  known  to  the  Creciaits.  The  iaha'  I 
bilauls  of  Helinpolis  in  Syria  shewed  a  chasiu  or  cleft  ia  the  carlh  ii^  1 
ihe  letnple  of  Juno,  which,  as  (hey  say,  swallowed  up  the  waters  of*  I 
tbe  flood  *.    Nay,  the  very  Americans  are  said  lo  acknowledge  and'''  J 


w  aatlior,  oho 
al  delogf  (whic 
Hod)  tM  carloui  (a  br 
pmenl  race  of  mi 


lioBS   Ibit,  wijri,   (be  Greeks  gave  an  accoUDi  or 
y  and  nthcu  have  (onrouoilcd  niih  ihat  of  Dcp._. 
Died.     The    trodilion   goes  ptocerdi   he,   dial  tU^    I 
il  ihe  Dm,  for  they  (olallj  periibcd  i 


1  Wtin,  wbkb,  brill);  deictadid  rrom  Deucalion,   inrrcued  lo  n  i; 

Now  of  tiiett  fonaet  men  they  reUle  IhU  story :  Ihcy  were  very 
t«Mieal<af>d  addicted  to  siyuil  acdom;  for  Ihey  ncilhei  kepi  lliolr  iMllHt 
Bar  w«n  hOTjiilable  U>  l(rangen,Dar  gaxe  car  to  lupplioals  j  for  irblfhreBMUl 
(hh  gtru  calamil)  befel  them.  On  a  luddra  ihe  rurth  [toared  fnrib  a  vast 
4|BaaUiy  ot  water,  great  •iuiwen  fell,  Ihe  /jvrrt  overflowed,  and  the  tea  orow; 
111  a  prodicioiB  height  ;  mi  thai  all  Ibiogc  become  tvalar,  nod  all  oieo  acre  de- 
flroyed  t  only  Dfucalion  wm  IrDuotoawcoDd  ^encnlion,  on  account  of  hii 
pradenc):  and  piety.  He  wai  Hved  in  thii  manner :  he  went  Into  a  largr  ark, 
DC  cheM  (,t4pu>)  wlileh  be  bad,  logether  wilh  bii  lont  and  Itaeir  wiven  i  and 
when  bB  wu  in,  ihrrr  eulcredinlne  and  bonei,  and  lion),  and  teipeuls,  and 
all  Mbcrcnalurn  whicb  liie  on  tbe  rarih,  by  pain,  tie  rfceived  Ibcm  allt 
•od  tbeydidhia  no  hurl,  bat  the  godi  created  a  great  frlesdihip  onaiog  Ihen  t 
M  Ifccy  Miledall  In  ooe  cb««  while  ibe  water  prcvaikd.  Thew  tbingi  the 
OreektretBle  of  DcDcalion.  Bui,  u<  tn  whal  happrii<-il  nfler  (hii,  Iben  liao 
SBrieal  tndilian  among  tlloie  of  Hiefapolii,  wbirh  denemri  admiralion  |  \it. 
MoulaHieirnnairy  Bgrealehaiio  opened,  and  rereinedall  tbe  water  i  where- 
^•B  Deucalion  erected  allaci,  and  ball!  Ibe  leoiple  of  luoo  oirei  ihc  chaui. 
tbb  B«e  ehun,  Giyt  our  aulbor,  I  bave  seen,  and  il  li  a  vet y  ■nail  une,  an* 
lei  Ihe  temple  i  whether  il  wv  formeriy  bigger,  nnd  iJnce  IcMcned,  I  rauool 
Utii  bat  thai  which  I  haieiecnii  litlU.  la  coauaeoonilian  of  thtshialory, 
Ibey  dit  Ibot :  twice  in  every  year  wntcr  it  brought  from  the  tea  to  the  temple, 
te  pHeili  aaly.bBt  all  Syria  and  Arabia,  nwoy  come  fnim  beyond 
I  Ike  t»,  ud  all  caiTj  walcri  wblth  Ue]>  Sm  pew  Ml  In  tht 
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qKik  of  il  in  tbeir  eoBtinent :  add  w€  are  told^Uiat  there  is  ttadi- 
tioD  amoog  the  Chinese,  that  Puoncu.  with  hb  fiunilj,  escaped  out 
of  the  general  deluge ;  though  another  expressly  asserts  the  Chinese 
annals  make  no  mention  at  all  of  the  floods  and  that  it  is  a  mistake  in 
those  who  imagine  they  dos  however,  it  seems  their  Ustoriaiis  do 
speak  of  a  flood,  which  some  suppose  to  be  that  of  Noah,  but  they 
do  not  make  it  universal  *.  Most  nations  have  some  tradition  of  a 
de!uge,  which  happened  in  their  respective  countries ;  but  it  must 
be  owned  at  the  same  time,  that  several  of  them  were  particular  m- 
undations  only,  and  ought  therefore  carefully  to  be  distinguished  fiom 
that  of  Noah ;  though  anci^it  and  modem  writers  frequently  can- 
found  them  together -t»  and  relate  circumstances  of  the  one,  wUch 
belong  only  to  the  other. 

Some  difficulties  which  seem  to  attend  the  Mosaic  account  of  the 
deluge,  such  as  tlie  finding  out  waters  sufficient  to  drown  the  worid, 
and  the  improbability  of  all  sorts  of  animals  being  preserved  in  the 
ark,  have  induced  some,  even  men  of  leammg,  to  suppose  that  Noah's 
flood  was  not  universal,  but  national  only,  and  confined  to  Judsea, 
and  the  drcuayaeent  regional,   or  perhaps  to  that  track  of  land 

temple,  and  afterwards  it  tinks  into  the  cbtsH,  which,  though  it  be  faaO,  le^ 
ceivei  abundance  of  water.  And  when  they  do  thb,  they  sy  Denealioo  luti- 
tated  the  ceremony  in  that  temple,  as  a  memorial  of  tlie  calamity,  and  of  his 
deliverance  from  it. 

«  An  Arab,  who  travelled  into  China  about  the  beginning  of  tlie  nialh  ceiH 
tory,  giving  an  account  of  a  convemtlon  be  had  with  the  Empeinr,  amoag 
other  things,  says,  that  mentioning  the  flood  to  that  prince,  on  occasion  of  a 
picture  of  Noah  which  he  shewed  him,  and  telling  him  that  that  propliet,  and 
those  who  were  saved  with  him  in  the  ark,  peopled  tlie  whole  earth  t  the  Em- 
peror laoghed  and  said,*'  Thou  art  not  deceived  as  to  the  name  of  Noah  i  bit, 
as  to  the  oniversal  delnge,  we  know  nothing  of  it.  It  b  tme,  that  the  delige 
did  drown  a  part  of  tlie  earth ;  but  it  did  not  reach  so  fiur  as  our  coontry,  asr 
yet  to  the  Indies.*'  £bn  Shoknah  ranks  the  Chinese  among  those  who  deny 
the  flood. 

t  Not  only  Deucalion's  flood  in  Tbessaly,  but  those  of  Ogyges  la  Attica, 
and  Prometheus  in  Egypt,  have  been  thought  the  same  with  that  of  Konh. 
Those  spoken  of  by  the  Americans  seem  to  have  been  national  i  as  was  that  of 
Asia  Minor,  mentioned  by  Diodorus,  from  the  Samothracian  tradition,  whfd 
yet  they  pretended  was  the  most  ancient  of  all  i  to  omit  several  otberseaame* 
rated  by  Sir  W.  Raleigh,  some  of  which  he  has  taken  from  tlie  sporions  Xeao- 
phon  of  Annius. 

t  Mclo,  who  wrote  a  book  against  the  Jews,  speaking  of  the  del^;e,  seeas 
to  make  it  topical,  and  not  to  have  reached  AnncDhu    His  wonit  are  tbeiei 
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nitjch  liai  Itelirecii  tlie  four  seas,  tbe  Persian,  Caspian,  Eu\iue,  ao4  ! 
HediUf  ranean,  or,  al  most,  reached  no  farther  than  tbe  continent  oC  | 
A&i^i.  Awl,  to  support  thb  presumptiou,  tbey  allege  (hat,  since  tl 
piiuiar;  design  of  the  flood  waa  to  destroy  mankind  only,  wluf  I 
could  liardly  be  thnught  in  so  iborl  a  time  to  bsve  ov«npread  Ibf  \ 
fdceof  the  whole  earth,  there  was  no  necessity  lo  carry  tbe  walen  i 
beyond  the  bounds  of  what  was  inhabited  ;  and  though  in  this  cup  I 
all  Ijie  uiiinals  in  the  world  (which  were  probably  farther  propagate  J 
cd  tban  man,  l>eing  created  id  greater  numbers,  and  perhaps  in  <lff  j 
vers  parts)  might  not  have  been  destroyed ;  yet  it  is  conceived,  I 
it  was  necessary  to  save  some  in  the  ark  for  fnture  propagation,  and  1 
Ihat  men  might  have  tliem  ready  for  their  use  presently  after  U 
flood,  which  could  not  otherwise  have  been.  One  autbor  indeed  hi 
gone  >o  far  as  to  suppose,  that  all  mankind  did  not  perish  iu  the  it*  j 
luge;  and  has  endeavoured  to  prove,  from  apeculiareiposilionqfl 
the  curses  of  Cain  and  Lamecb,  that  the  Africans  and  Indians  are  of  'I 
tbeir  poatenly.  But.  as  he  has  elsewhere  himself  confuted  this  opif  4 
uionby  Ibe  strongest  arguments,  we  shall  say  no  more  of  it,  Agxi  \ 
it  b  euy  to  »liew,  against  those  who  hold  the  former  opinion,  tbwt  I 
ihcy  deny  a  matter  of  fact  to  gel  over  a  difficulty,  and  that  the  de<  | 
JujEC  waa  universal  in  its  extent  as  well  as  eflecl. 

For,  first,  the  Scriptures  put  this  niatler  out  of  doubt,  by  enpieu^  I 
tdhng  us,  that  all  the  high  bills  under  t]ie  whole  heaven  were  covn«  1 
cd  by  the  waters,  and  that  all  flesh  died  that  moved  upon  the  e«rtfa» 
nc«pt  only  Noah,  and  those  that  were  with  him  in  the  aik*.    S4it 

'*  Allhr  time  of  the  deluge,  a  man  nhohad  eicaiird  wi[h  hit  hum,  went  tram 
AimcBiiT  kelng  dtivrn  out  ot  his  pasarniioai  by  thou:  of  Ihe  coanlrj  ;  aai, 
pauiac  tntt  the  intcrmediale  irgion,  came  inlo  Ihc  mouDtainoui  pari  nfSjriaf 
which  wat  thro  drsoL-ile." 

■  The  wotdi  of  Mdsfs,  one  WDuld  Ihink,  ore  (oa  plain  la  admit  aojr  inbleN 
tft.  God  lookeA  upon  Ihe  eulli  i  and  behold  il  niu  cotrupl ;  forall  de(h 
bad  comptfd  hii  way  upon  ihe  earth.  A.Drl  God  nid  ddIo  Noab,  the  cad  iir>ll 
■oh  b  cone  before  me— and  I  will  destroy  then  wilb  the  earlb,  Behold  1, 
err*!,  do  biiag  a  Baod  of  walen  diiod  llie  earth,  la  destroy  all  flesh,  wbereia 
Isthefareaib  at  life,  fram  under  beavea  i  audcvery  thitigthal  ii  in  ihe  eaith 
riwll  die.  Every  lida;  lubitanee  (hat  I  have  made  will  I  deitroy  fTom  olT lta« 
Ikcc  ofllw  enrlh.  And  the  walen  prevailed  exreediegly  npoa  the  earth  i  and 
alt  Ihe  hich  hilli,  Ihal  wrre  under  Ihe  whole  heaven,  were  coverrd.  FifK^q 
tubiis  upward  did  (he  wnlen  prerail ;  and  Ihe  ooantaini  were  catered.  Aad 
■11  Brih  died  that  nwTed  npon  the  earth,  both  of  fowl  and  of  caltle,  aad  of 

bCHl  ud  Vf  CNTJ  ciccpiiiE  il>iBt  f>**creeyelli  Upon  (&e  cartb,  aad  ever} 
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will  the  terms  of  Moses  allow  the  word  earth  m  this  place  to  be  re<» 
8tiaiiied,as  it  may  in  some  others,  tojudea*,  or  any  other  particular 
track  of  land  t  for,  unless  the  laws  of  natufe  were  miraculously  sus« 
pendedy  before  the  waten  m  oue  region^  much  more  on  a  whole  con* 
tinent,  could  exceed  the  tops  of  the  hiehest  mountains,  they  would  cer* 
tainiy  diflluse  themselves,  and  overflow  the  rest  of  the  earth.  Secondly, 
if  the  deluge  were  topical,  there  was  no  need  of  the  ark ;  Noah  and 
his  iamily  needed  only  to  have  rethred  to  another  country,  which  he 
might  have  done  with  more  ease,  and  in  less  time,  than  have  built  so 
vast  a  vessel ;  the  beasts  might  have  saved  themselves  by  flight ;  or 
their  loss,  especially  those  of  the  unclean  kinds,  have  been  replenished 
from  other  places ;  and  the  birds  might,  without  much  difficulty, 
have  flown  to  another  continent.  Thirdly,  the  number  of  mankind 
before  the  flood  was  vastly  superior  to  what  the  present  earth  is,  per- 
haps, capable  of  sustaining,  according  to  various  calculations :  and 
the  waters  must  therefore  have  overspread,  in  all  probability,  a  larger 
part  of  the  earth  than  b  now  known  to  be  inhabited:  and  consequent- 
ly the  whole  globe,  that  none  might  escape  tlie  Divine  vengeance,  must 
have  been  overflowed.  Fourthly,  the  earth  itself  seems  to  ofller  us  a 
demonstrative  argument  of  the  universallity  of  the  deluge,  from  the 
vast  number  of  the  shells  and  teeth  of  fish,  bones  of  animals,  iotize 
or  partial  vegetables,  and  other  strange  things,  which  are  to  be  fiwnd 
on  the  tops  of  the  highest  mountains,  and  in  the  bowels  of  the 
earth,  at  a  great  distance  from  the  sea,  and  were  probably  left  by 
the  flood  f. 

All  io  who6«  nostrils  wns  the  breath  of  life,  of  all  that  wu  in  the  dry  land,  died. 
And  every  living  substance  nas  destroyed  which  was  upon  the  fiice  of  the 
groond,  both  man  and  rattle,  and  the  creeping  things,  and  the  fowl  of  the 
heaven  ;  and  they  were  destroyed  from  the  earth  ;  and  Noah  only  remained 
alive,  and  they  that  were  with  him  in  the  ark. 

*  PeyreriiB,one  part  of  whose  pre-adamite  system  is,  that  the  flood  extend- 
ed DO  farther  than  Jndea,  which  he  supposes  to  br  all  that  Moses  meant  by  the 
earth,  would  also  persuade  us,  tliat  that  writer,  by  mankind  which  were  to  be 
destroyed,  intended  the  posterity  of  Adam  ;  by  the  living  creatures,  the  Gen- 
tiles or  pre-adaraites,  mixed  with  the  race  of  Adam  :  and,  by  the  great  deep, 
the  sea  of  Palestine. 

f  This  argnment  is  offered  with  some  diffidence ;  for  though  the  most  expe« 
rienced  philosophers  now  agree,  that  these  shells,  &r.  are  not  mock-prodoc- 
tions  of  natnre,  or  originally  formed  in  the  places  where  they  are  found,  by 
•orne  plastic  power  of  alts,  or  other  minerals  (which  was  the  coiuectnre  of  Dr. 
Plot  and  other  natnralists)  loasmach  at  they  are  not  to  be  distingnislied  thm 


It  is  now  time  to  consider  by  wliat  mcaas  this  terrible  deTBstalion 
WM  brought  on  the  earib,  and  in  wliat  manner  those  lliat  escaped  it 
were  {jreservcft.  i  , 

If  llw  deluge  were  universal,  the  quantity  of  water  requirert  to  «ft  «■ 
feci  it  id  M  immense,  that  it  has  been  generally  thought  eitremel^  J 
(lilSrult,if  not  impossible  to  say,  whence  it  eanie,  or  whither  itweali  •[ 
The  proportion  of  water,  sufficient  to  cause  such  an  inundation, 
been  computed  at  eight  oceans  ;  but  »  person  well  able  to  make  tbe^i 
calculation  »ayg,  that  (here  must  have  been,  at  the  lovrest  compnt^fl 
lioa,  Iwenly-tHo  ocesns.  And  where  to  find  this,  is  the  (luestionli 
There  are  the  clouds  above,  and  the  deeps  below,  aoc)  in  the  bowelt^n 
of  lb« earth  ;  and  these  are  all  the  stores  we  have  for  water*:  andV 
RIoiea  directs  us  to  no  other  for  the  cause*  of  the  deluge.  Tbe*, 
founlaias  of  the  great  deep  (says  he)  wer«  broken  up,  and  ibe  w 

rtttj  ihcIU,  leelb.&c.  b,vIh<^nic»l<iaiainaUuD  of  Ihc  cje.  ud  even  Ihc 
tniKopc,  anil  bum  nut  iiDiuPitlalel;  inla  K  call  or  limF,  at.  nil  tophnccau: 
Vaey  xdMbiacc  io,  bill  fint  inio  a  co«I  nnd  ihcn  iala  a  cftl»,  which  i,  tM  ' 
tioowa  qwliiy  of  Mngi,  ofa  boDy  or  flnhy  nature  i  ;et  Uiey  do  not  af  rre  ihsl-k 
tbttr  Mngtwerr  bruui-hl  in  by  (be  uDiier>ial  delugr,  for  llilt  reauu,  amoag-il 
Mtera]  olirn,  thai  litiiij;  animals,  or  fah,  liavc  beeu  fauad  in  lone  of  i' 

fouil  abrll),  and  that  bucIi  nailoe  lubtiaocctarc  lometimcii  formed  and  g 

fated  In  bomaii  hixlieEi  and  therefore  il  ii  luppoaed  (hey  «ere  fonaed  by  i  ' 
•perwalle  prineljilr,  lu  liih  spanii,  rrcefved  into  tbe  chrnkr  and  olbrr  mealort*' 
ar(heraRh,andfatl)ai:ilo«ntnrain<,ftc.;  which  nny  biallowpd,  indenf.W  -, 
(be  mcral  ktadi  of  ihrll-fitb,  whoie  ibeUa  migfat  pruerie  thcta  in  (be  tar(h|  , 
bU  CAR  hknlly  be  admilled  ai  to  ollicii  of  Ihote  fowik,  socb  as  the  glou^ 
I>i-(T«,  or  (cr(hafthi;sharfc,aDd(he  afhrrbonciariargercreaiures.    AKolW 
(ublrrraDeoHS  woodi,  nnd  fnssil  tiftSf  (here  kfihi  to  be  do  peat  tpohid  to  b^ 
tirte  (bey  were  Ihroivn  down  by  the  c1p1u|;p,  and  have  lain  buried  in  (he  eartb. 
e*er  nDco ,  i|  being  much  more  probable,  (bal  Ibey  either  were  orouioned  by 
inandMloM  gf  (be  ira,  or  were  felled  by  raen  in  (lie  placci  where  (bey  now 
lie  t  u  it  ODduiable  of  many  of  them,  which  ilill  iliow  (Ix^  iDorki  of  (he  aie. 
•   Mnin,  IB  hit  oceouDt  of  the  erea(ioa,  spenitlng  of  wattn  aborc  (he  fimw- 
*irD(,  (hough  i(  be  gCDervlly  undenlood  of  the  cloudt  and  aqueoui  Tapoiin  eiS- 
Mined  in  tbrsiddle  region  of  (he  air,  yet  some  tave  fancied  tlirm  to  be  wa(ris 
placed  aboTc  the  heaiens,  nnd  have  bees  willing  to  maiie  me  of  Ihem  for  •  _ 
■■VPlyi  "ben  (hey  cotild  no(  (ind  eaougb  under  the  beaiens  (d  make  np  the.  J 
«aM«ribe4elDge:  (bough,  if  Uine  imaftnury  waien  Were  (here,  how  lo  g«t.  I 
ttoB  down,  or  (o  lif(  (hem  np  apiia,  i)  not  eoay  to  (ell,     Bu(  lince  the  lyWer 
•f  the  world  ha<  been  bet(er  known,  and  (he  nature  of  the  beaveni,  i(  is  pre 
PMiH  (here  are  none  (ha(  would  anert  tbete  tuperceleiUal  waieri,  much  lea» 
■aha  ihal  eMraTBgaaliiM  ofthcD,  ai  lo  briDglhem  down  hithet  for  a  saw 
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dows  of  heaveii  were  opened  ;  aud  the  rain  was  npoo  tbe  cvtb 
loity  dajft  Mid  forty  nights.  By  the  great  deep  some  nndentand 
the  ocean ;  but  others,  with  more  reason,  the  subterraneous  abyss  or 
vast  coUeclion  of  waters  in  the  boweb  of  the  earths  But  it  n  thongfat 
the  wateD  which  either  the  abyss  or  the  rain  could  afibrd»  wiU  fidl 
prodigious^  short  of  the  proportion  required.  According,  to  the 
observatioos  made  of  tbe  quantity  of  water  that  fidls  in  rain,  the 
lainseottld  not  affi>rd  one  oceanjuor  half  an  ocean,  and  would  bea 
very  inconsiderable  part  of  what  was  necessary  for  a  deluge.  If  it 
yaiaed  forty  days  and  forty  nights  throughout  the  whok  cartb  at 
once,  it  might  be  sufficient  to  lay  all  the  lower  grounds  under  water, 
but  it  would  signify  very  little  as  to  the  overflowing  of  tbe  hboob- 
tains ;  so  that  it  Ims  been  said,  that,  if  the  deluge  bad  been  nHuk 
ky  rains  only,  there  would  have  needed  not  forty  days,  but  forty 
years,  to  have  brought  it  to  pass.  And  if  we  suppose  tiie  whole  at* 
inoq>here.condensed  into  water,  it  would  not  at  all  have  been  suffi- 
cient for  this  eflect;  for  it  is  pretty  certain  that  it  could  not  have  risen 
sibove  thirty«two  feet,  which  is  well  known  to  be  the  usual  beight  to 
which  water  can  be  raised  by  the  pressure  of  the  atmoapheve;  since 
the  weight  of  the  whole  air,  when  condensed  mto  water,  can  be  no 
more  than  equal  to  its  weight  m  its  natural  state,  and  most  become 
BO  less  than  e^ht  hundred  tiroes  denser ;  such  being  the  diflerence 
betwctti  tbe  weight  of  tbe  Jieaviest  air  and  that  of  water.  And  as 
to  tbeabyss,  if  by  it  we  intend  the  sea,  this  latter  is  no  bi^Mr  than  the 
bud,  as  some  have  fonnerly  imagined,  and  therefore  couM  contri- 
bute nothing  to  the  deluge ;  it  would  keep  its  bed  as  it  does  lioir, 
and  take  up  the  same  place ;  and,  if  we  uudentaiid  the  subterrane- 
ous waters,  they  would  be  quiet  in  their  cells,  and  not  ascend  other- 
wise than  by  force ;  and,  if  force  were  used  to  draw  them  out  on  tiie 
surftce  of  the  earth,  their  places  must  be  filled  again  with  other 
iraters,  so  that  this  turns  to  no  account  upon  the  whole. 

lis  beug  the  case,  some  cut  the  knot  which  they  cannot  loose^ 


•  NotwitlMtaiHliiig  the  word  QVl/l  t^^^om^  dtpik^  io  mbm  piw^n,  b 
'SuppoKd  to  KigMify  the  wa,  yet  it  nay  be  there  much  better  interpreted  of 
sabtcmuieou  waten,  u  it  Builfeitly  mut  in  other  phKes.  And  being  here 
jolsed  Witt  the  epithet  J^y\  roSlaA,  gremiy  it  leeou  Motet  intended  that  mt 
colleetion  of  waten,  which  tbe  nott  ugnciott  natunlitlt  place  in  the  wash  tf 
^he  earth,  the  receptule  of  the  greatcit  purt  of  that  deep  whkh  coieroddie 
earth  at  the  t^eginoiJig  of  the  creation. 
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md  ifaew  Bi  Ibc  naked  arm  of  Omnipotence ;  nviog,  tbnt  God  creft> 
ted  •laira  on  puipoee  to  make  tlie  deluge,  aud  iben  antiihilatal 
tbera  again  when  the  deluge  wm  la  cease.     Bui  out  bosineu  it  i 
bera  lo  eaijuire  what  God  could  work  by  his  almigJitj  poner,  btt|   I 
tn  aceounl  (or  this  event  in  the  beat  mauiier  wc  can  trom  naturd-  I 
caoMti  not  are  we  rasbly  to  fiy  lo  the  dirine  omnipotence,  espeei* 
ally  for  the  CRatioa  of  new  matter.      Moses  plainly  assigns  natunl 
aauscs  of  llie  deluge,  fort}'  days  rain,  and  the  disruption  of  tbfl 
tbyss:  aud  St.  Peter  has  assigned  a  cause  also,  tlie  natural  coni 
lalioD  of  (be  world  ;  aud  tieitber  of  tbcm  meulion  a  word  of  a  u 
oeatioa  of  waters.    Others,  therefore,  instead  of  a  crealion,  aupt  •] 
poae  a  ttanwienieulation,  and  say  the  air  was  changed  into  watei)  J 
aud  UmI  lhi«  was  the  great  instrumental  cause  of  the  deluge.  But  lufjl  ] 
opinion  agrees  as  little  wiDi  I  be  philosophy  of  Moses  or  St.  Peter,) 
the  preceding,  and  renders  the  opening  of  the  abyss  perfectly  need^    ' 
leai :  besides,  such  a  transmutation  would  In  effect  be  no  raore  than  • 
COodcoMtion,    the  iusufliciency  of  which  has  been  already  thowai 
AcfoHing  to  a  third  expedient,  the  rain  aud  »ea-waten  were  rar«>  ' 
fied  w  at  lo  reach  the  delcrmioed  height :  bul,  if  the  waters  were    I 
Sdeta  timtt  rarer  ibau  they  naturally  are  (as  in  (hat  case  they  mual    | 
haw  beea,)  ll  is  hard  lo  say  how  Ibey  could  either  drown  man  o 
b(Ml,  kecpalire  the  fish,  or  support  the  ark.     A  fourth  opinion  ] 
k,  UmI  ibe  antediluvian  earth,  with  all  its  stones,  metals,  minend   I 
coottetioM,  and  all  fossils  whatsoever  Ihat  had  obtained  any  sulidiM    ' 
wai  totally  dissolved  in  ihe  deluge,  the  cohesion  of  its  parts  pei>* 
fectly  ceamig;  that  the  corpuscles  of  these  solid  fossils,  togetbeV 
witl)  tbc  corpuscles  of  those  which  were  not  before  solid,  such  as  earlb^ 
sand,  and  the  like;  as  also  animal  bodies,  and  partsof  animals,  bonot   I 
!i'«th,tbelb;  vegetables,  aud  parts ofvegetables,  trees, shrubs,  herbij   ' 
in  short,  all  bodies  whatsoever,  which  were  either  in  the  earth,  nt  1 
■hat  cousliluted  the  mass  of  it,  if  not  quite  down  to  the  abyss,  yet  at  | 
Irul  lo  the  greatest  depth  we  ever  dig,  all  these  were  promiscuously  j 
taken  np  inio  the  waters,  and  made  one  common  mass ;  that  at  Itingtit 
Ibey    fubsided  downwards   together,  generally ;    and,  as  neatly  as 
tntgbt  be  expected  in  such  a  confusion,  according  lo  the  laws  of 
gravity  ;  and  thus  formed  die  strata  of  stone,  marble,  coal,  and  the 
tatt.  of  which  Ihe  earth  manifestly  consisti.  While,  in  couseijuence 
of  Ibeae  being  bodies  of  different  kinds  and  conslitiitions,  wbtcli 
■re  setrly  of  the  same  ipectfic  gravity,  it  iheoce  happened,  lhat 
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bodicft  of  quite  lUAicnt  kinds  subsided  at  the  sum  instant,  and  fell 
together  with  the  same  stratum ;  for  which  reason  the  sheUs  of 
cockles^  escallops,  and  the  rest,  which  haw  a  greater  degree  of 
gravity,  were  inclosed  and  lodged  in  the  strata  of  stone  and  marbk, 
and  the  heavier  kinds  of  terrestrial  matter,  the  lighter  shells  not 
sinking  down  till  afterwardSf  and  so  frlling  among  the  lighter  matter, 
as  chalk,  and  the  like.  Bnt  this  strange  and  bold  hypothesis,  to 
which  the  author  was  driven,  to  solve  these  phaenomena  of  the  interior 
parts  of  the  earth,  (which  yet  might  possibly  be  otherwise  accounted 
for,)  is  so  little  consistent  with  the  Mosaic  history  of  the  deluge, 
takes  so  little  notice  of  the  openmg  the  windows  of  heaveui  and 
is  so  contrary  to  the  universal  law  of  mutual  attraction,  and  Ae 
specific  gravities  of  bodies,  accounts  for  so  few  of  the  phsenomena  of 
the  deluge,  implies  such  a  new  sort  of  formation  or  creation  of  the 
earth  at  the  deluge,  without  warrant  for  the  same,  and  is  so  much 
wore  than  hii  observations  requufe,  or  will  support,  that  it  cannot 
engage  the  assent  of  any  considering  person.  A  fiflh  opinion  is, 
that  though  the  rains  might  afford  a  vast  quantity  of  water  towards 
a  deluge,  }et  the  chief  cause  was  the  changing  the  centre  of  the 
earth,  and  setting  it  nearer  to  the  centre  or  middle  of  our  conti- 
nent ;  whereupon  the  Atlantic  and  Pacific  oceans  must  needs  press 
upon  the  subterraneous  abyss ;  and  so,  by  mediation  thereof,  force 
the  water  upwards,  and  compel  it  to  run  out  at  those  wide  mouths 
and  apertures  made  by  the  divine  power  breaking  up  the  fountains 
of  the  great  deep.  These  waters,  thus  poured  out  from  tlie  orifices 
of  the  fountains  upon  the  earth,  the  declivity  being  changed  by  the 
removal  of  the  centre,  could  not  flow  down  to  the  sea  agam,  but 
must  needs  stagnate  upon  the  earth,  and  overflow  it:  aud  after- 
wards, the  earth  returuiug  to  its  old  centre,  return  also  to  their  former 
receptacles.  This  hypothesis  gives  a  fiiir  and  easy  solution  of  all 
the  phamomena  of  the  deluge,  save  only  the  generality  of  it,  making 
it  topical,  and  confining  it  to  our  continent ;  for  which  reason  a 
very  sagacious  naturalist,  who  otherwise  approves  it,  proposes  a 
uxth  way  of  solving  them ;  and  that  is,  by  supposing,  that  the 
divme  power  might  at  that  time,  by  the  instrumentality  of  some 
natural  agent,  to  us  at  present  unknown,  so  depress  the  surface  of 
the  ocean,  as  to  force  the  waters  of  the  abyss  through  the  before- 
mentioned  channels  and  apertures,  and  so  make  them  a  partial  and 
coDcunent  cause,  of  the  deluge.    And  it  appean  from  instance^ 
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tiiat  tbetc  uc,  at  sotiM  liai«s,  iu  llie  eoarat  of  iMturv,  rxtnordinarj 
jKeuufct  M  Ibe  surface  of  ibc  sn*,  wbkb  force  (tie  walrn  out*» 
wards  iip«i  tlw  itiom,  to  a  ^real  height.  But  Ihta.  we  fear,  is  loO' 
occult  a  CHtir,  to  giv«  much  ntiabctiaD  to  a  |ibiluu>pbic  iuquircc.'  [ 

WefaansuU  lo  coiKider  llie  bvfioibeses  of  twoolberphilosopbiMV' 
wrll  knomi  iu  (be  rejtubUc  of  icltent  we  mciut  Dr.  Burnet  aotl  Mr. 
Uliutoa. 

To  bate  »  complete  idea  of  that  of  the  former,  we  must  premba- 
Utal  be  oouceires  Hit  fint  earth,  from  the  manoer  of  its  fbrnt-  ] 
•boa,  to  have  beeu  externally  r^ulu  and  uniforni,  of  a  smooth  ' 
and  CTCD  surface,  without  iDounlaimi,  and  without  a  sea ;  and  ihati  \ 
the  «stn*  belougiDg  to  it  were  wholly  inclosed  within,  or  under  itV  4 
upper  crmt.  wkicli  formed  a  stupendous  vault  around  them.  Tbiv  4 
vast  coUcclwn  of  waters  he  lakes  to  have  been  the  great  deep,  or  i 
■bya  of  ftloses ;  aod  that  lite  disruption  of  it  was  the  chief  cause  of  4 
tot  he  supfNMcs,  that  Ibe  earth  being  for  some  bun**  j 
tlrcds  «f  yean  exposed  to  Ihe  continual  heal  of  the  son,  which,  by- 
leasoD  o(  Ihe  peipendicular  position  he  imagines  the  earth's 
lud  to  tbt  plnoe  of  the  ccliptid  was  very  intense,  and  not  allayed>  ] 
by  ibal  diversity  of  seasons  which  now  keeps  our  earth  in  an  «<{»■«'  1 
lity  of  leinper,  ilsctterior  crust  was,  at  length,  Tery  much  dried;'  i 
and  wben  ibe  heat  had  pierced  the  shell,  and  readied  tlie  wateiy  1 
beimlh  it,  thry  began  to  be  rarefied,  and  raised  into  vipoun; 
wbicb  nrefactiuo  made  ihrni  require  more  space  then  ibey  needed^] 
before  I  and,  finding  themselves  pent  in  by  the  exterior  earth,  they- ' 
ptttted  wilb  violence  against  that  arcli,  to  make  it  yield  I 
diUtUion,  And  as  the  repeated  action  of  the  sun  gave  Ibrcc  to  ihoM)  I 
ioclowd  npours  more  and  more,  and  made  ibera  more  strong  and*  I 
violcal;  so,  on  the  oilier  hand,  it  weakened  more  and  more  tb»  i 
arcb  of  the  tanh  that  was  to  resist  tbem,  auchiiig  out  the  moistiiiai  I 
that  was  Ibe  oemenl  of  its  parts,  and  parching  and  chapping  it  ia>  J 
HUKfry  places ;  and,  there  being  no  winter  lo  close  up  its  parts,  iti  I 


■  We  kad,  apDii  our  cnuu,  not  maoy  je«i  ago,  an  extraonlinaTy  >i 
whpreia  Ibe  natrr  nee  *o  l>ish>  ai  lo  overflow  all  the  ira-tiaalu,  dronD  niuM^fl 
(adM  of  calllr,  noil  fill  the  l»wrr  rooau  of  <bc  hoOKi  of  maay  lilUgci  ihat  9100^3 
■car  the  w«i  to  llul  ihe  iDhabltonli,  lo  aavr  Ihrnsel'ri,  were  forcrd 
tnl*  Arir  apper  raooit  and  guvelt.  And  hnw  ihii  could  be  etTccied,  I 
KB  aamnl  prcuure  oa  the  npcrflcici  of  the  ocean,  out  aulbor  caaao 
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nor«  and  more  diipowd  to  a  dbaolntioD ;  ami,  al  Inigtii, 
when  God'a  appointed  time  was  come,  the  witole  faliric  broke,  and 
tbe  frame  nf  the  earth  was  (om  in  pieces  as  bv  un  eartlnioake  ;  and 
tbcMe  great  portion*,  or  fragments,  into  wliich  il  was  divided,  feH 
down  into  the  abyss  sonie  in  one  posture  and  some  in  aaolher. 

'lilts  Ijypotliesit,  ibe  aulbor  thinks,  not  onljt  agreet  with  the  nar- 
ration of  Moses,  and  answers  the  asM-rliuR  of  St-  Ptrer,  llial  Ibe  first 
earth  was  obnoxious  to  a  dcbige  from  iti  conslitmiou,  but  supplies 
all  the  defects  of  other  explications.  Tlie  fall  of  those  prodigiocu 
fngmeDts  would  raise  a  vast  commotion  in  tlie  ahjss,  and  throw  i(s 
waves  to  a  great  lieigbl.  which  would,  for  some  time,  overwbcJm 
the  mounlains,  now  firit  formed,  fur.  afler  the  first  violent  sbod;, 
he  imagines  there  were,  occasionally,  sonw  secondary  ruin*,  whiclr 
broke,  and  made  new  commotious;  till,  at  Icnglh,  when  all  the 
ruins  were  settled  and  fixed,  the  walctB  began  to  »eltle  too,  and  the 
Aty  land  lo  S{ipear.  Thus  (he  earlli  put  on  a  new  fonn,  and  he- 
rame  divided  info  sea  and  laud ;  the  greatest  part  of  the  abyss  eon- 
stituling  out  present  ocean,  and  the  rest  tilling  up  the  lower  caritlet 
of  the  earth,  mountains  and  hills  nppeareil  on  the  land,  iilends  in  the 
x»,  and  rocks  upon  the  sliorc  :  and  tlius  Providence,  at  one  stroke, 
dissolved  the  old  world,  and  made  out  of  its  ruins  a  new  one,  which 
we  now  inhabit. 

But  though  it  be  rcasonnhle  to  believe  the  first  earth  had  ib  axis 
inclined  to  (lie  plane  of  the  ecliptic,  as  well  as  the  present,  and  had 
the  same  vicissitudes  of  seasons:  yet,  allowing  the  theoriit'i  suppo- 
sition, of  its  parallel  position,  to  be  true,  it  b  not  cunceinble  that 
the  beat  of  the  sun  would  even  then,  have  had  the  power  he  imagines, 
or  affiKl  the  eartli  in  such  a  degree  ni  to  cause  great  craeka  or  fii> 
surci  in  it,  or  to  raise  the  water  under  il  into  i'a|>ours.  since  wa  find 
no  such  cfiects  in  the  iwllest  country  or  season  ;  nor  is  it  probaUt 
such  raretiiction,  were  it  possible,  should  be  so  extreme,  as  to  break 
tlirough  an  arch  of  some  hundred  miles  thick.  Besides,  it  is  to  be 
ftarcd,  ihat,  if  the  action  of  llie  sun  was  so  strong,  the  abyss,  the 
only  storehouse  of  waters  in  the  (irst  earth,  would  have  been  nearly 
exhausted  t  before  the  time  of  the  deluge.     This  account,  also, 

t  Dr.  KrtlltntmadpaplstD  ralculUiop  orihismaKei,  and f oncludc*,  fbal 
(lace  Done  of  tke  aoiedilDTlan  riven.,  accardinf;  lo  iliU  ihroriit,  irlurned  'lUa 
llicab}«a^a,  i  I  most  need)  fiitlow ,  Ihat,  in  ctglK  hundted  and  twclTCyean, 

U  wooM  bk  qoite  aagtj,  upon  (lypoiiilon  thai  there  irctr  oi  nuui}  riven  !> 
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■Mm  not  Tery  consoaant  to  the  Mosaic  history,  which  describes  a 
grariual  rise  and  abalenieni,  and  long  continuance  of  the  flood,  uol 
»  yioient  tnuuient  ihock,  which  would  not  have  lasted  maoj  days, "J 
ttliours:  ml  lo  mcationlhe  little  uw  onr  author  makes  ofthereiusj't 
which  be  suppotes,  btleed,  to  have   fallen  throughout  the  earth, 
(lliougb  be  Hoes  not  know  how  ilial  could  proceed  from  natural'  j 
cautn}  and  to  hare  coatribuled  lo  llic  disruption  of  Ihe  abyss,  by-  j 
weakening  the  arch  of  the  eanb,  and  stopping  its  pores,  which' . 
would  make  the  vapours  struggle  the  roore  violently ;  and  that  u> 
thing  but  a  miracle  couid  save  the  ark  in  so  prodigioui  a  storm  and  , 
convulsian  of  nature. 

The  cKpcdieDt  of  the  other  learned  theorist  is,  the  (injection  of  a 
cornel  *,  which,  be  supposes,  passed  so  cloje  by  Ihe  body  of  Ihe  earlfi, 
al  liie  time  of  the  deluge,  as  to  involve  it  in  its  atmosphere  a tid  tail.' 
Oti  whjch  hypothesis,  he  proceeds  to  account  for  the  deluge  in  this   , 

He  Myi,  that  when  the  earth  had  passed  through  the  tail  and  at-'  , 
moiphcrc  of  the  comet,  which  be  supposes  lo  consist  of  vapours  , 
nretifd  aiid  expauded  in  different  degrees,  and  in  which  it  would 
reniaiu,  on  calcuhition,  for  about  two  hours,  ii  must  have  acquired 
a  large  cjliuilncal  column  of  vsjmurs,  whose  basis  was  somewhat 
larger  ihaa  one  of  the  earth's  greatest  circles,  and  whose  altitude 
was  equal  to  the  diameter  of  the  comel'E  atmosphere ;  that  these 
rapours  would  be  impeded  from  descending  towards  the  suu,  by 
Ihe  earth B  bterpositlon,  and  attractive  power;  and  so  would  fall 
down,  willt  great  violence,  on  its  surf^ice ;  a  great  part  of  which,  be- 
ing in  a  very  tare  and  cupanded  condition,  after  their  primary  fell. 


ike  ptlnllin  (Wlh  u  are  in  oan  ;  but  u  (here  wot  then  twice  (be  land,  if 
Ibrrr  were  noMBti  u>  there  muiI  br  allowrd  twice  atmiuiy  rivrn  lo  water  It  t 
ud  b;  rack  B  doDblr  qoantlly  Our  abym  wonlrl  be  Fiii|ilicd  in  half  that  ttne. 

•  TtiW  a  raotci  aclually  appeared  at  Ihc  delogc,  is  olteiird  bj  leveral 
Wtban.  Pliny  nr nliont  one  which  apprared  in  the  rciRn  of  Typtwn,  Ihal  ii, 
atibeflood.ariniinrdlalrlj  bcrnte  it )  and  sjieakt  of  I  be  direful  eOecU  of  it. 
Awl  Ihe  aboie  oalborbas  endeaioured  lo  prove,  Ihal  llie  Iml  motl  rL'siukaUc 
liifrl,  wbMi  wai  tea  in  Ihne  pvis  In  Ihe  yrat  1680  (wboie  revoluiion  ba 
to  be  in  aboal  57S  ytan,  and  whote  inijeclory  8rr  liasr  Nrwlon 
that  1CIJ  camel  wbicb  cimc  by  lue  earlb  at  llie  brfinniAi 
«r  N«k'i  M«ge,  and  wbicb  wai  (he  (Biifc  of  tbc  tame. 
VOL,  I.  B 


S58  HI8T0ET  OF  THB  OBNIRAI.  DELUGE, 

wooM  iouDcdiately  be  mouoted  into  tbeuryandafterwirds^oBtiicir 
eondeBMtioD,  descend,  in  violent  and  inceannt  nin,  on  tbe  face 
of  the  etrtb,  and  very  natorall;  occasion  the  forty  days  and  forty 
fights  rain  mentioned  by  Moses. 

That  the  presence  of  this  comely  as  it  approached  and  came  be- 
leiw  the  moon,  would  caoseadouble  tide,  as  well  in  the  seas  aboie^ 
as  in  the  abyss  below ;  that  in  the  seas  would  be  less  conaideiabk, 
but  the  other  would  be  vastly  great,  and  produce  mighty  eftcts. 
For  on  the  nearest  approach  of  the  comet,  the  surface  of  tbe  abyss 
would  put  on  an  elliptic  or  oval,  instead  of  its  former  spheiioai 
figure }  and  the  orb  of  earth,  which  rested  on  it»  would  be  ob* 
l^ged  to  accommodate  itself  to  that  larger  oval  surfiice;  which  bci^ 
impossible  for  it  to  do  while  it  remained  solid,  it  must  of  necessity 
enlarge  itself,  and  by  the  violent  force  of  the  increas^g  sur&oe  of 
the  abyss  be  stretched,  cracked,  and  have  iunumerabk  fissures  nads 
quite  through  it;  or  rather  the  tide  must  open  and  enlarge  those 
fissures,  which  were  produced  at  the  commencement  of  the  dinmsl 
rotation.  Thus  would  the  fountains  of  the  deep  be  broken  ly^  aid 
sttflkientgaps  made  for  a  communication  between  the  abyss  bcloir» 
and  the  surfiice  of  the  earth  ebove ;  which  wasno  sooner  doD^  tbaa. 
the  fiJl  of  the  cometic  waters  began,  and  quickly  covered  tl^  earth, 
and  crowded  the  air  with  vast  quantities  thereof;  which  waters,  be* 
log  adventitious,  and  of  a  prodigious  weight,  must  press  downwards 
with  a  mighty  force,  and  endeavour  to  shik  the  orb  of  earth  deeper 
into  the  abyss,  according  as  tbe  entire  weight  of  each  odumn  of 
earth,  and  its  incumbent  water  together,  did  now  requoe,  agreeably 
to  tbe  laws  of  hydrostatics;  which  laws  he  supposes  not  to  have 
been  exactly  complied  with  at  tbe  eari}i*s  first  subskUng  into  the 
abyss ;  otherwise  he  could  scarce  have  expected  alny  efevatkn  ef 
the  subterraneous  waters.  But  since  tbe  lowest  strata  of  the  eaidi 
were,  according  to  him,  m  a  good  measure  settled  and  oonsoikhtrd 
together,  before  the  upper  were  all  formed,  the  whok 
would  archwise  sustain  itself  much  higher  than  the  law  of  i 
gravity  would  otherwise  require ;  and  so  upon  the  disruption  of  tbe 
upper  earth,  its  several  columns,  as  there  was  room,  would  settle 
themselves  lower  tlum  they  were  at  fint ;  and  then:  we%fa^  aaf 
mented  by  the  additional  waters  of  the  comet,  would  squeeae  and 
press  on  the  surfiice  of  the  abyss ;  which  being  a  fluid  mass,  andin* 
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capable  of  fiutuDnigB  pressure  on  ooe  part,  nitbout  equaJlj-  com- 
mutiicatiag  il  to  all  the  nsl,  must  butsl  out,  wbcrever  such  pressure 
wu  wanting,  and  thraw  JtMlf  up  (he  fissures,  ihrongh  nhich  it  would 
Ksceod  witli  ■  mighlj'  force,  and  carr>  upwilfa  it  whalever  w«s  in  it* 
9*y,  wbelbcr  earth  oi  water ;  and  tliercby  add  to  the  ({uaDlit;  of 
water  already  on  the  face  of  the  earth,  and  become  a  fresli  aug- 
ineDtatian  of  ihat  deluge  which  began  already  to  oTembelra  and 
destroy  the  iafaabitaols  thereof. 

Tlie  abatement  and  decrease  of  the  waters  of  the  delugd  our  au- 
thor supposes,  was  first  by  a  «ind,  which  dried  up  some  ;  and,  se- 
condly, by  Ibeir  descent  ihrougb  those  breaches  and  fissures  (at 
which  part  of  them  bad  ascended)  into  the  bowels  of  the  eurtlt, 
whicli  received  the  rest.  To  which  latter  also  Die  wind,  by  hurry- 
ing the  waters  up  and  down,  and  su  promoting  their  lighting  into 
Ibe  before-oieutioned  fissures,  was  very  subservient.  The  air,  he 
grants,  could  sustain  a  very  inconsiderable  <juantily  in  coinpaiicon  of 
tbe  in'ire  mass  ;  but  as  he  supposes  the  antediluvian  earth,  though 
il  was  not  destitute  of  lesser  seas  and  lakes,  yet  to  have  had  no  great 
ocean,  Kparaling  one  continent  from  anolher,  and  covering  so  large 
■  portion  of  il,  as  the  present  earth  has ;  he  conceives  the  upper  re- 
gion of  the  earth,  being  penerally  dry  and  porous,  and  of  a  great 
tbicJLaeM,  was  capable  of  receiving  a  much  greater  ijuantity  of 
water  iban  was  ou  the  earth  at  the  lime  of  the  deluge. 

To  tliis  theory  objections  have  been  made,  as  well  as  to  the  for- 
mer :  &r  though  there  are  some  surprising  co-incidents,  which  make 
it  indeed  probable,  that  a  cornel  did  really  come  very  near,  and 
passed  by  tbe  earth  when  the  deluge  began,  aud  might  cause  a  pro- 
digioos  tide  in  the  sea,  and  in  the  abyss ;  yel  il  has  been  thought 
aomewhal  strange,  that  the  swelling  of  the  abyss  should  have  snch 
an  eflect  as  to  make  convenient  fissures  in  the  solid  crust  of  eartb 
which  inclosed  it,  without  shatlering  its  whole  frame.  Nor  hat  ths 
Ibeorisl's  acrount  of  draining  off  the  wntcrs  from  the  surtacd 
at  the  eartii  been  judged  salisfaelory ;  il  being  ditlkult  to  conceive, 
Ifaat  tliose  subterraneous  cavities,  which  he  supposes  coutd  contain 
bat  a  small  proportion  of  the  waters  reijuisile  to  make  the  deluge,  , 
■bould  yd  be  capable  of  receiving  the  greatest  part  of  them  when  it 
<ras«vcr.  Tliese  difficulties,  however,  might  posiibly  receive  a  so. 
Intiaa;  but  the  greatest  objeclion  of  all  is,  that  it  is  fur  from  being 
dev,  wlictber  tiw  atmosphere  of  a  comet  he  a  watery  subitiiuct  or 
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no :  or  if  it  were,  that  it  shotild  aflford  such  a  vast  quantity  of  watef 
as  the  theory  has  occasion  for»  on  the  earth's  bare  passing  through 
it.  For  it  is  said,  the  observations  of  the  most  curious  inquirers 
make  it  not  improbable,  that  the  circle  about  the  body  of  the  comet 
is  nothing  but  the  curluig  and  whiding  round  of  the  smoke,  ri^g 
at  first  to  a  determinate  height  from  all  parts  of  the  comet,  and  then 
making  off  to  that  part  of  it  which  is  opposite  to  the  sun.  A  Ad  if 
this  opinion  be  true,  the  earth,  by  passing  througli  the  atmosphere 
of  the  comet,  ran  a  greater  risk  of  a  conflagration  than  a  deluge. 

It  seems>  therefore,  after  all,  that  the  divine  assistance  must  be 
called  in,  on  this  occasion.  For  though  the  waters,  which  covefed 
the  earth  at  the  creation,  might  be  sufiicient  to  eover  it  again ;  yet 
how  this  should  be  effected  by  mere  naturat  means,  cannot  be  con- 
ceived. Hie  waters  which  were  suspended  in  the  clouds  might,  in- 
deed, descend  upon  the  earth,  aad  that  in  cataracts,  or  sponts  of 
water  (as  the  Septuagint  interpret  the  windows  of  heaven)^  like  those 
in  the  Indies,  where  the  clouds  frequently,' instead  of  dropping,  fall 
with  a  terrible  violence,  in  a  kind  of  torrent ;  and  this  alone  might 
cause  a  great  inundation  in  the  lower  grounds :  but  as  the  clouds 
could  pour  down  no  more  water  than  they  had,  which  would  sooa 
be  exhausted  at  this  rate,  it  seems,  from  the  length- of  the  rain's  con- 
tinuance, that  the  showers  were  rather  moderate  and-  graduaL  The 
subterraneous  stores  would  afford  a  much  more  plentiful  supply  to 
complete  the  delu^,  and  probably  contain  more  water  than  enough 
to  drown  the  world,  to  a  greater  height  than  Moses  relates  * :  tlie 
only  difiiculty  is,  to  draw  it  out  of  the  abyss  on  the  surface  of  the 
earth.  And  here,  since  we  can  assign-  no  natural  cause,  we  appie* 
hend  we  may,  not  uophilosophically,  resolve  it  into  the  divine  power. 


♦  Tboii|;h  Sir  W.  Raleigh  allows  thirty  miles  for  ihe  height  of  the 

tains,  yet  the  highest  in  the  world  will  not  be  found  to  be  above  fiwe  diicrt 
miles  in  height.  Olympus,  whose  height  is  so  extolled  by  the  poets,  doet  Dot 
exceed  a  mile  and  an  half  perpendicular,  and  about  seventy  paces.  IfbuiC 
Athos,  which  is  said  to  cast  its  shade  into  tlbe  Isle  of  Lemnos  (accordkig  t» 
Pliny,  eighty-seven  miles)  is  not  above  two  miles  in  height ;  nor  ^1^^,^ 
much  more;  nay,  the  pike  of  Teneriflf,  reputed  the  highest  moaDtain  in  (be 
world,  may  be  ascended  in  the  three  days  (accoriding  to  the  proportion  of  e%kt 
f^ongs  to  a  day*s  journey),  which  makes  it  about  the  height  of  a  Gemuui 
mile  perpendicular.  And  the  Spaniards  affirm,  that  the  Andes,  tboie  lofty 
mountains  of  Peru,  io  comparison  of  which,  they  lay,  the  Alps  are  but  coC-^ 
leges,  may  beaKcnded  in  four  days  compass. 
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which  migbt,  on  tills  occasioD,  eo  far  conlroul  (no  greater  »  miracle 
Ibantkat  of  cunlinuiug)  the  usual  course  of  nature,  as  to  effect  its 
purpoie.  And,  indeed,  the  event  was  ao  extraordinary,  and  the 
cuiiicquencts  thereof  so  considcmble,  that  it  is  ver;  reasonable  la 
believe  God  did,  in  au  especial  manner,  interpose  tliercia.  The 
Stoics,  who  supposed  allemate  destructions  of  the  earth  by  lire  and 
water,  mude  uo  doubt  of  the  possibility  of  a  general  delune.  "  There 
are  vast  tales,''  says  Seueca,  "  which  we  do  not  (ee;  great  part  of 
Ihe  sea  lies  hidden  and  concealed,  and  many  rivers  glide  in  secret ; 
to  tliat  there  may  be  causes  of  a  deluge  on  alt  sides,  when  some 
natcn  Bow  in  under  ihe  earih,  others  flow  round  about  it,  and  be- 
ing long  peut  up  overwhelm  it ;  and  as  our  bodies  sometimes  dis- 
kolve  iut«  sweat,  so  ihe  earth  shall  melt,  and  without  the  help  of 
otherouies,  shall  find  in  itself  what  shall  drown  it ;  there  being  in 
*ll  places,  both  openly  and  secretly,  both  from  above,  aud  from  be> 
palbf  ui  eruption  of  waters,  ready  to  overflow  and  destroy  it." 
[Aacient  Vniversai  Hislory,  Vol.  I.] 


TH£  SAMB  SUBJECT  CONTtHUED,  WITH  THE  THEORY   Of 
EDWARD  KINO,  ESi^.  F.  It.  S. 


^FTBR  sn  many  conjectures,  as  have  been  already  formed  con> 
ceniing  the  cause  of  the  universal  deluge,  it  may  perhaps  appear 
botb  iiupertiDent  to  attempt  a  uew  solution,  and  also  useless,  at 
tlieories  formed  on  mere  hypothesis  are  always  uncertain,  aiid  little 
to  be  depended  upon.  But  if  we  give  them  no  more  weight  than 
ibey  deserve,  anil,  cousideriug  them  only  as  small  steps  towards  th« 
investigation  of  truth,  do  not  desire  any  further  assent  to  our  cod- 
elusions  than  the  probability  on  which  they  are  founded  demands, 
even  such  kind  of  enquiries  may  be  of  service,  and  open  a  door  to 
new  discoveries. 

Where  we  cannot  arrive  at  demonstration,  we  must  be  content 

witb  probability.    Out  despair  of  attaining  the  oue  ought  Dot  to 
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anke  ot  neghct  the  other.  And  with  regtrd  to  this  ftmmlMe 
•fcnt,  the  unii^nal  delvge,  every  degree  of  prohability,  «fCB  the 
mallett^  that  appears  ui  an  attempt  to  account  for  it  phUoiophi* 
calky  has  its  use ;  as  it  tends  to  remove  those  ol^iectioas  that  are 
made  to  the  troth  trf  the  iact»  by  perrons  who  may  not  think  the 
mere  relatkm  of  it  m  the  Mosaic  writhigs  a  sufficient  proof  of  tlK 
reality  of  it ;  or  who  may  be  led»  from  the  difficolty  theie  appears 
PI  acconatnig  for  such  an  event,  to  doubt  of  the  aothetity  of  diose 
sacred  books. 

Many  ingenioas  hypotheses  have  been  already  formed  on  this  sub- 
ject ;  but  they  all  seein  liable  to  most  insuperable  objections;  and 
therefore  I  make  no  scruple  to  venture  another  into  the  world, 
which  appears  to  me  free  from  soch  difficulties  as  they  are  intolfed 
in,  and  more  shnple.  I  am  willing,  however,  it  should  fidl  to  Ae 
gf^und,  as  soon  as  there  appear  aay  reasonable  and  weightjolfee- 
tions  to  it.  I  only  wish  that  the  hints  contained  m  this  paper  miy 
be  a  means  of  leadiqg  some  person  of  greater  abilities  to  a  mon 
perfect  discovery ;  and  that  it  may  always  be  remembered,  that  the 
fossil  shells  found  in  all  parts  of  the  earth,  are  a  sufficient  proof  of 
the  truth  of  its  having  been  at  some  time  or  other  entirely  covered 
with  water,  however  fallible  any  attempt  to  account  for  the  deluge 
may  be. 

Dr.  Burnet,  in  his  theory,  has  given  such  an  account  of  the  de- 
luge, as  Dr.  Keill  has  shown  to  be  very  improbable  and  unphiloso* 
pbical.  He  has  first  described  the  primeval  earth  so  as  to  divest  it 
of  all  beauty  and  elegance,  and  then  has  ascribed  the  deluge  to  such 
causes,  as  are  not  only  somewhat  inconsisteut  with  that  part  of  his 
theory,  where  he  supposes  the  earth  to  be  well  watered  and  mobt* 
ened  with  dew ;  but  are  also  insufficient  to  account  for  the  wafers 
flowing  over  the  tops  of  the  mountains;  since  on  the  breaking  of  ks 
imaginary  shell,  it  is  impossible  to  suppose  that  the  wmteis  of  the 
abyss,  even  on  such  a  concussion,  should  flow  op  high  enough  upon 
those  parts  that  were  left  elevated,  so  as  to  cover  the  mountains  ttat 
now  subsist. 

Mr.  Whbton  has  called  in  the  assistance  of  another  phnetaiy 
body  ;  and  has  supposed  the  tail  of  a  comet  to  be  so  greatly  con- 
densed as  to  afford  a  quantity  of  water  sufficient  for  this  purpose. 
But,  besides  the  inconsistency  of  this  theory  with  that  of  gravita- 
tion, it  is  no  le»  difficult,  according  to  his  hypotheflis«  to  get  rid  of 
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the  water  with  which  the  eartli  was  coTered  than  it  is,  accordiqg  to 
ctben,  to  find  a  •uScient  quaniiry. 

Mr.  Ray  faas  account»d  for  Ihis  amaiing  event,  by  suppcwiDg  a 
change  to  have  happened  in  the  centre  of  gntvily  of  tiie  earth.  But 
how  to  Hod  a  cauK  for  such  a  change  in  the  centre  of  gravity,  and 
for  a  reKoration  of  it  to  the  same  place  agHin,  is  more  diflicull,  and 
the  juppoiition  of  il  more  incoaMSteat  with  oiir  pliilosophical  ideal, 
llian  any  other  hypotbeiis  whatever. 

Such  have  been  some  of  the  principal  theories  hitlierto  advanced, 
and  far  tw  it  from  me  to  presume  that  mine  may  not  in  the  end  bo 
found  equally  fullible  ;  but  il  appears  to  me  al  present  to  be  more 
plain  and  consistent,  and  at  the  same  time  is  free  from  that  great 
difficulty  which  has  perplexed  all  (lie  rest,  and  is  indeed  the  most  - 
iniporlaol  diHtcuHy  in  the  enquiry,  that  b,  the  accounting  fur  a  suf* 
ficient  quantity  of  water. 

We  6ad  in  Ihe  Moiaic  history  of  (he  creation,  that  God  at  the 
first  created  sea  as  well  as  land  ;  and  therefore  have  grounds  (o  be- 
lieve both  from  thence,  and  trom  the  reason  of  things,  thai  thera 
was  as  great  a  quantily  of  sea  on  the  anlediluvian  eailhj  as  there  b 
pow  upon  the  enrth  in  its  present  stale. 

Wr  find  also  the  whole  surface  of  the  earth  to  be  undemiined  by 
subterraneous  fires,  which  make  their  appearance  in  various  places, 
in  very  formidable  volcanoes.  This  has  been  the  case  in  Italy,  and 
amongst  the  Azores,  in  Tartary,  in  Kamtschatca,  in  South  Anierica, 
in  Ireland,  in  Ihe  islands  of  the  East  Indies,  and  in  other  parts ;  and 
we  have  reason  In  believe  that  these  subterraiicous  tires  have  mada 
eruptions,  not  un frequently,  even  in  the  bollom  of  ihe  sea ;  as  Mr. 
Mitchell  lias  made  appear  in  his  excellent  paper  concerning  the 
causes  of  earthquakes,* 

We  have  also,  in  the  Philosophical  Traneactious,  an  account  of 
entire  islands  being  raised  iu  the  Archipelago,  and  likewise  ainonicst 
Ibe  Aiores,  by  such  sublerraneous  tiresf  ;  and  Mr.  Ray,  in  his  Trao 
Tcb,  mcalions  a  moiinlain  one  hundred  led  high,  raised  by  theearih- 
qoake  m  1538,  which  also  Ibrew  up  so  much  earth,  stones,  and 
tubes,  as  quite  filled  up  ihe  Laous  Lucrtnus  U 

•  mXoi.  Trans.  Vol.  U.  Pari  II.  p.  .^66- 

+  Pfcilofc  Traofc  lKo.378.or  EafOfi'i  Abr.  Vol.  VI.  Pan  II.  p.<03,«li4 
Jonei'i  Abr.  Vol.  V.  Part  II.  p.  198. 
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To  which  may  be  added,  that  fossil  shells  and  other  marine  bo- 
dies are  so  universally  found  in  all  parts  of  the  present  continents 
and  islands,  as  to  amount  almost  to  a  demonstration,  that  aU  tho 
now  dry  land  was  once  covered  with  sea,  and  that  for  a  considerable 
space  of  time,  probably  much  longer  than  the  continuance  of  the 
deluge  is  related  to  have  been.  For  though  such  a  violent  flux  of 
waters  might  have  thrown  op  some  shells  and  marine  bodies  upon 
the  hills  and  mountains,  yet  it  could  not  have  flung  up  such  vast 
quantities,  nor  so  universally.  The  prodigious  beds  of  shells  which 
we  now  find  in  all  parts  cannot  well  be  accounted  for,  but  by  sup- 
posing the  waters,  in  which  those  sbeli-fish  iivtrd,  to  have  covered  the 
countries  where  they  are  now  found,  for  a  long  time,  and  even  for 
ages. 

The  supposition,  therefore,  which  I  am  about  to  advance,  found- 
ed on  these  facts,  is  thb :  that  originally  AUnighty  God  created  thb 
earth  with  sea  and  land  nearly  in  the  same  proportion  as  they  bow 
remain,  and  that  it  continued  in  that  state  for  many  ages,  during 
which  the  bottom  of  the  sea  became  covered  witli  shells,  and  vari- 
ous heterogeneous  bodies  ;  that  from  the  first  of  its  creation  tliere 
were  also  many  subterraneous  fires  found  within  the  bowels  of  the 
earth ;  and  that,  at  the  appointed  time,  these  fires  bursting  fortJi  at 
once  with  great  violence,  under  the  sea%  raised  up  the  bottom  of 
the  ocean,  »o  as  to  pour  out  the  waters  over  the  face  of  what  was 
before  dry  land,  which  by  that  means  became  sea,  and  has  perhaps 
contiuued  so  ever  since,  as  that  which  was  before  the  flood  the  bot- 
tom of  the  sea,  probably  from  that  time  has  continued  to  be  conti- 
nent and  dry  land  f  • 

*  Mr.  Mitchell  hai  ihewn,  in  his  paper  on  the  caoset  of  earthquakes,  that 
tach  subterraneous  fires  are  at  all  times  very  liable  to  nuJ^e  eniptions  under 
the  sea,  and  that  fvhen  they  do  so,  the  earthquakes  coosequent  upoo  such 
eruptions  are  more  eztensift  than  any  whatever. 

f  I  do  not  mean  by  this  to  insinuate  that  all  that  part  of  the  globe  which  is 
now  sea  was  dry  land  before  the  flood ;  or  that  the  antediluvian  ocean  was 
merely  of  the  extent  of  our  present  continent.  I  apprehend,  on  the  contrary, 
that  there  vias  always  a  fcreater  proportion  of  water  on  the  face  of  the  earth 
than  of  continent ;  and  I  would  only  be  understood  to  mean,  that  all  Chat  whidi 
was  dry  land  before  the  flood  is  now  buried  under  the  sea,  whilst  Chat  which 
was  a  part  of  the  bottom  of  the  antediluvian  ocean  forms  our  present  land  ; 
and  that  consequently  some  part  of  the  ocean  was  sea  both  in  the  antrdiloriaa 
earth  and  in  the  present  state  of  it,  and  common  to  both. 
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Tlus  hvpolhesis  may  pethaps  be  liable  to  great  objeclioos ;  but  it 
Uallea&tcnnsisleDluirh  what  Mo!m  relates  of  the  fouotaiiis  of  tlie 
great  deep  being  brokcD  up  ;  and,  without  any  perplexity  or  diffi- 
culty, accounts  at  once  for  a  sufficient  quantity  of  water  to  cover  the 
■ops  of  the  hi^licit  antediluvian  mountains,  even  luppostng  they 
were  left  standing  ;  though  il  is  not  improbable  that  they  nilglil 
be  tltroMn  down  by  means  of  the  same  earthquake.  If  they  were 
left  tlanding,  some  of  them  might  (on  the  retreat  of  the  waters  trom 
their  topt  after  the  firiit  concussion)  form  some  of  liie  islands  that 
now  iubsiiit. 

I  must  aho  add,  that  this  hypolLesis  is  perfectly  consbleiit  nilh, 
and  perhaps  in  some  measure  accounts  tor,  that  singular  position  of 
the  strata  of  coals,  ores,  and  various  kmds  of  earths  (mentioned  iu 
Mr.  Mtlclieirs  paper),  which  are  found  always  sloping  from  raoun- 
taiaous  couutries,  and  higher  grounds,  towards  the  bottom  of  the 
Ma ;  to  that  what  is  nearest  the  surface  of  the  carlli  in  mouniaiiu 
md  high  countries  lies  deepest  In  low  lands  aoil  under  the  sea. 

It  i^  besidet,  somewhat  confirmed  by  that  lingular  observation  of 
Dr.  llasMlquiil's,  in  his  travels,  p.  33,  where,  speaking  of  Natolia  ami 
titeeaitem  countries  ID  general,  he  says,"  In  noplace  was  it  moreevi* 
dent  tiiattiie  continent  we  call  earth,  was  in  the  beginuiug  the  bot- 
tom of  the  sea."  Ulloaalso  informs  us,  that  ihesame  thing  is  evi- 
dent in  the  whole  country  ol  Valles  in  South  America  *  :  and  Nordea 
tells  ui,  that  the  rocks  in  Egypt  bear  evident  marks  of  having  been 
washed  by  the  seat- 

These  are  the  reasons  which  induce  me  to  venture  upon  this  sup- 
position; and  now  I  will  just  consider  one  or  two  objectious,  that 
*f9t»l  to  me  amongst  the  most  material  which  may  be  made  to 
what  I  bave  advanced. 

It  may  perhaps  be  said,  that  we  readl  "  of  the  waters  returning 
from  off  the  earth,  and  of  their  being  abated  at  the  eud  of  the  hun- 
dred and  fifty  days :  and  also  of  the  waters  decreasing  continually 
till  IJk  tentli  month ;  and  of  the  Inpi  of  the  mountains  being  then 
Men.'*  And  it  may  be  objected,  that  we  ought  from  thence  to  con* 
dude,  that  the  waters  of  the  de'uge,  having  coveted  what  was  before 

■  UUoi't  Vojagc  la  Saiuti  America,  Vol.  U.  p.99. 
t  Mordcn'i  TroKck,  Vol.  11.  p.  81. 
}  GcDciii,  cb.iiij.  3— 5. 
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Ary  ground,  tfterwards  retretted,  and  left  the  very  nmie  faflb  and 

kod  dry  agaiiw 

Bol  thb  condanmi  h  by  no  means  necessary ;  for  all  that  can  be 
inferred  firom  what  we  find  in  Oenesn  concerning  the  decrease  of  tte 
waters*  is,  that  they  gradually  snbaided  from  off  the  fece  of  what  is 
now  contioent  and  dry  land,  as  of  course  they  wooM  do  on  the  ele- 
vation of  it»  agreeable  to  the  foregding  hypothesb.  And  indeed,  if 
the  deloge  was  efleded  in  the  way  here  supposed^  we  can  then  gite 
a  rational  and  easy  account  how  all  the  water  came  to  drain  off  the 
the  ground,  and  to  leave  it  dry  so  soon  as  b  recorded :  which  other* 
wise  is  a  drcums^ce  in  this  piece  of  histoiy  very  perplexing.  It  b 
evident^  that  such  a  fiolent  earthquake,  or  bursting  forth  of  the  sub* 
terraneous  fire,  as  b  here  supposed  to  have  raised  the  bottom  of  tlie 
then  sea  (the  present  continents)  at  once  as  h^h  or  higher  dian 
phat  was  before  dry  land,  must  in  a  very  short  time  have  drowned 
and  overwhelmed  the  antedHunan  earth,  by  pouring  out  the  wfteis 
upon  it ;  and  it  b  also  evident,  that  fbr  some  time  the  bottom  of  the 
sea,  80  raised,  would  continue  covered  with  tbe  waters,  which,  til) 
the  vast  agitation  into  which  they  were  flung  subsided,  would  coa» 
tinoe  flowing  backwards  and  forwards.  But,  by  degrees,  and  very 
casQy  within  tiie  time  mentioned  in  Scripture,  the  water  would  drain 
off  horn  all  the  higher  parts,  and  leave  the  new  land  quite  dry,  and 
in  the  state  we  now  find  it,  with  strata  of  shells,  and  sand,  and  stones, 
and  other  bodies,  lying  just  as  the  sea  had  by  accident  many  ages 
before  placed  them.  Whereas,  were  tbe  deluge  occasioned  only  by 
an  addition  of  water  suflBcient  to  raise  the  suHace  of  the  sea  h^ber 
than  the  land  and  mountains,  m  that  case,  it  b  impossible  to  imagine 
any  means,  at  all  coosbtent  with  tbe  course  and  laws  of  nature,  by 
which  such  an  immense  body  of  water  could  be  evaporated  or  con« 
veyed  away  in  so  short  a  space  of  time.  And  besides,  in  that  case, 
the  shells,  &c.  flung  upon  the  land  by  the  concussion  of  the  watei\ 
and  subsiding  there  withm  so  short  a  space  of  time,  would  rather  be 
found  lying  according  to  their  specific  gravities :  a  fact  which  Dr. 
Woodward  supposed  certain,  but  which  b  by  no  means  true.  Nos 
indeed,  according  to  the  conjectures  here  advanced,  b  it  at  all  ne- 
cessary that  it  should  be  so.  For,  as  I  imagme  the  shells  and  other 
marine  bodies,  which  are  now  found  on  various  parts  of  the  dry  landj^ 
to  have  been  placed  there  gradoally  during  a  succession  of  ages, 
whibt  it  was  the  bottom  of  tbe  sea ;   it  will  follow,  that  they  must 
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be  found  Just  u  the  »ea,  by  its  washings  and  motion,  laid  them: 
which  would  ar  course  first  wash  many  of  them  together,  and  then 
wash  gnve),  or  sand,  or  clay,  or  olhi-T  substances  over  iLem  ;  after 
which,  more  shell)  or  other  bodies  would  be  deposited,  and  then 
iiiore  slones  or  gravel,  &c.  according  to  the  nature  of  the  soil.  In 
short,  whatever  was  specilically  heavier  than  water,  would  (after  it| 
removal  by  any  agitation)  soon  subside,  and  remain  fixed,  whether 
the  substances  underneath  it  were  ipeclfically  heavier  than  itself  ot 
no  :  it  is  ludicient  that  thry  were  but  all  specifically  heavier  thaa 
the  water. 

We  find  to  this  day  great  changes  are  coDtinually  making,  wilhin 
the  memory  of  man,  both  on  tlie  (ace  of  the  earth,  in  the  shores,  aitd 
in  the  bottom  of  ihe  sea,  even  in  those  small  parts  of  it  that  we  an 
ac(]uatnled  Aith  ;  and  such  changes  must  also  have  happened  befort 
■he  flood,  and  might  very  probably  produce  thai  situation  of  shtll^ 
jrc.  su  different  from  what  might  be  expected  from  their  specific 

Anotlier  objection  may  perhaps  be  made  by  saying,  if  all  the  ath- 
tediluvian  earth  was  at  once  overwhelmed,  and  of  course  all  its 
|)lanls  with  it,  whence  came  it  to  pass,  thai  the  now  dr}-  land  was  so 
soou  covered  with  vegetables  and  herbage  of  all  kinds  1  To  this  I 
answer,  in  the  tint  place,  that  the  difficulty  is  just  the  same,  whether 
we  suppose  the  bottom  of  the  antediluvian  :>ea  to  be  the  present 
continents,  or  whether  we  suppose  the  face  of  the  earth  to  have  re*, 
maiued  the  very  same ;  since,  by  the  waters  of  the  delnge,  all  plants, 
tn«s,  and  vegetables,  must  in  bolh  cases  equally  have  been  destroy* 
ed  ;  and  nothing  could  well  remain,  except  some  of  their  shoots  anil 
seeds ;  which  might  just  as  well  take  root  on  the  new  continent,  on 
ibesubsiding  of  the  walers.asou  the  old.  And  in  the  next  place,  I 
answer,  that  there  are  not  a  few  instances  (as  is  shown  iti  Stillin|. 
fleet's  Tracts  ■)  of  barren  rocks  and  plains  becoming  by  degrees  well 
covered  with  verdure,  though  very  remote  from  any  places  that 
might  apparently  furnish  seeds.  They  have  first  borne  a  kind  of 
moss,  and  afterwards  other  plants  of  an  higher  order  (the  seeds  be 
ing  brought  there  bv  accident,  and  by  the  various  and  admirable  , 
means  of  conveyance,  which  the  Creator  has  given  them),  till  at  lait  ' 

•  SlilllDf^rel'iTnacU,  p.TS,  andsbop.  45,  whi-rean  LmtMrr  a 
atuekuihe  [iaip««t, at nanbcs  tKcomlne  bydcErrrifincincMlawi, 
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they  ha?e  been  cohered  with  richVerdure.  To  which  may  be  added 
a  very  extraordinary  fact,  now  well  known,  namely,  that  if  a  piece 
Df  ground  which  has  not  been  cultivated  be  turned  up^  and  the  dods 
loosened,  it  will  very  soon  produce  a  variety  of  pUints,  tome  of 
which  were  never  known  to  grow  there  before.  We  find  that  one 
acorn  is  sufficient  to  produce  a  forest,  and  it  is  by  no  means  to  be 
supposed  (let  the  deluge  have  happened  how  it  would)  that,  imm^ 
diately  after  it,  the  earth  was  as  well  clothed  with  verdure,  as  it  has 
become  since.  Probably  it  was  for  a  time  in  general  very  barren, 
except  such  parts  as  Noah  and  bis  sons  cultivated,  with  seeds  whidi 
they  had  preserved  ui  the  ark. 

As  to  the  leaf  which  the  dove  brought  m  *,  that  might  be  found 
on  some  phmt  which  had  taken  fresh  root  immediately  on  the  sub^ 
siding  of  the  waters,  or  it  b  not  impossible  but  the  top  of  some  an- 
tediluvian mountain,  having  been  but  slightly  covered,  might  on  the 
ceasing  of  the  first  concussion  (as  I  before  observed)  remain  in  the 
state  of  an  island,  elevated  above  the  surface  of  the  sea. 

1  apprehend,  no  objection  of  any  weight  can  arise  from  the  de- 
Kription  of  paradise  in  Scripture,  nor  from  its  being  said  that  the 
ark  rested  on  the  mountains  of  Ararat :  since,  whether  the  conti- 
nent was  changed  or  no,  there  is  no  place  now  remaining  that  an« 
swers  the  description  of  the  former  ;  nor  is  there  any  thing  said 
about  the  latter  that  should  lead  us  to  conclude  there  ever  was  such 
a  mountain  as  Ararat  before  the  flood. 

But,  leaving  these  objections  from  the  words  of  Scripture,  and  the 
history  of  the  deluge ;  another  may  perhaps  arise,  from  this  cir- 
cumstance, that  shells  are  found  m  various  parts  of  tlie  eaith,  which 
are  evidently  not  the  shells  peculiar  to  the  seas  adjoining,  but  such 
as  belong  to  a  different  climate.  This  fact  at  first  certainly  seems 
to  contradict  what  I  have  advanced  :  and  yet,  when  well  considered, 
it  will  perhaps  rather  be  found  to  confirm  my  hypothesis.  For  let 
any  one  but  look  on  a  terrestrial  globe,  and  he  will  instantly  see, 
that  the  present  continents  are  evidently  not  in  the  same  climates  as 
the  present  seas ;  and  therefore,  though  the  shells  found  in  many 
places  of  the  earth  are  not  found  in  tlie  neighbouring  parts  of  the 
ocean ;  yet,  when  those  parts  of  the  earth  were  ocean,  they  might 
have  had  a  very  proper  climate  and  situation  there.    Thus,  for  in* 


•  Genesif,  viii,  11. 
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tlaoce,  we  may  observe  titat  the  Mediterranean  a  in  a  more  goutlien 
climate  than  the  n«ighbouvii)g  continent  of  Europe,  and  in  a  more 
Dorlhera  elim^ite  llian  that  of  Africa.  And  the  whole  continent  of 
A'iia  IS  in  a  climate  much  more  northern,  than  ttie  neighbouring  In* 
dian  ocean. 

But,  if  this  tolutioii  of  the  difficulty  is  not  thought  sufficient,  it 
ma;  be  added,  that  ao  great  a  concassion,  and  such  a  change  in  Ifaa 
figure  of  the  earth,  as  must  have  happened  from  the  sublerraneour 
fires  eleraling  io  many  parts  higher  than  they  were  before,  might 
possibly  affect  the  gravitation  of  the  parts  of  the  globe  of  the  earth, 
nnd  caute  it  to  revolve  ronrttt  a  different  axis  after  the  flood  :  whence 
there  would  undoubtedly  arise  a  chnnge  of  climate  in  all  parts,  suf- 
ficient Id  Bccouut  for  the  present  situation  of  shells,  in  places  so 
Ibiei^  to  the  climates  ivhere  shell-fish  of  the  same  species  are  now 
Ibund.  And  as  I  have  before  observed  with  regard  to  seeds,  so  it 
may  iIm  be  obicrred  with  regard  to  shell  fish,  that  the  conveyance 
of  a  very  few  of  each  sort  (by  the  flux  of  water)  to  the  beds  proper 
for  them,  would  be  sulticient  to  preserve  all  the  various  kinds,  and 
to  cause  tlfem  now  to  be  found  in  such  numbers,  in  those  parts  of  the 
ocean  Ihat  arc  best  adapted  to  each  peculiar  class. 

Aiwtlier  thing  proper  to  be  taken  notice  of,  is  the  horns  and 
bones  of  lenestria]  animals  being  found  in  the  earth,  together  with 
fotiil  sbelb;  which  seems  to  contradict  the  supposition  of  the  pre> 
MM  coBlioents  having  been  originally  the  bottom  of  the  sea.     But  . 
wilh  regard  to  this,  I  must  beg  leave  to  observe,  that  probably  some 
of  tbote  bones  have  been  deposited  there  since  the  flood,  and  have.* 
been  coveted  by  an  addition  of  earth,  as  has  happened  also  to  some 
of  ihe  trees  and  woods  that  were  cut  down  in  this  island  by  tlie  . 
Konians.    And,  as  to  the  rest,  it  cannot  be  supposed,  but  that  oi 
first  great  eruption,  which  poured  the  waters  of  the  ocean  upon  tba  . 
dry  land,  there  must  have  been  a  violent  agltalion  lor  some  time,  by 
therr  flowing  backward  and  forward ;  during  which  interval,  llw 
bodies  of  many  terrestrial  animals  (floating  ou  the  water)  would  ht  « 
WRslied  to  different  parts  of  the  new-raised  continent,  and  be  left 
then  as  ihe  water  subsided. 

Some  little  objection  perhaps  may  arise,  from  its  being  ohierveil  ■ 
that  the  sea  at  present  covers  a  much  greater  part  of  the  globe  thaa 
Ihe  dry  land  does. 

But  I  apprehend  this  was  also  the  cbk  before  the  flood;  sod  il 
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■my  euOy  bt  coBctivtd,  that  some  put  of  the  bottom  of  the  ante- 
dilaviaa  oceaa  might  be  imig  in  the  mmmer  supposed  m  thbpaper, 
and  not  the  whole ;  aad  that  the  bottom  ot  the  present  nccaa  coe« 
sists  not  only  of  what  was  before  the  flood  dry  hnd,  but  also  of 
some  part  of  what  was,  even  from  the  beginning,  the  bottom  of 
the  sea. 

I  will  therefore  only  jast  add,  that  probably  the  same  sobtena* 
aeons  fires  (which  originally  raised  the  continents  and  hiands  that 
now  appear^  and  have  erer  since  been  making  great  changes  in  the 
bowels  of  the  earth,  and  produdug  those  tremendoas  earthquakei^ 
which  have  happened  from  time  totime)  may  in  the  end  break  forth 
with  redoubled  ^leoce,  and  destroy  it,  in  the  manner  foretold  in 
Scripture. 

It  may  not  be  aauss  to  add,  in  confirmation  of  the  foregoing  hypo* 
thesis,  that  the  beds  of  shells^  discovered  in  chalk-pits,  gravel-pit^ 
and  other  ptaces«  consist  generally  of  one  or  two,  or  at  moat  of  a 
wty  few  <tifferent  sorts  in  each  particular  place,  as  they  would  af 
course  do  upon  a  supposition  tliat  thove  respective  beds  were 
lormerly  at  the  bottom  of  the  sea,  in  the  several  places  where  those 
diftrent  kind  of  shell*fish  lived  and  bred ;  and  tlmt  they  were  from 
thence,  together  with  the  bottom  of  the  antedihiviaa  ocean,  raiKd 
up  by  the  force  of  subterranean  fires :  for  we  may  observe  in  the 
present  seas,  that  one  species  of  shell-fish  take  op  their  habitatioa  in 
one  place,  whilst  those  of  a  different  species  are  found  in  some 
other;  and  that  numbers  of  the  same  kind,  as  for  instance  cockles, 
or  oysters,  are  generally  found  on  the  same  banks.  The  present 
appearance  of  fossil  shells,  therefore,  does  at  least  in  thb  reject 
seem  consistent  with  the  conjectures  here  advanced  :  whereas,  upo6 
a  supposition  that  these  fossil  shells  were  carried  to  their  respecttie 
places,  at  the  time  of  the  flood,  merely  by  the  torrent  of  water  that 
then  flowed  to  and  fro,  they  ought  rather  to  be  found  mixed  pro* 
fliiscuously  together;  and  not  those  of  one  species  in  one  pinee; 
and  those  of  a  different  species  in  another.  And  I  beg  leave  hem 
to  mention,  that^  since  the  writing  of  the  foregoing  paper,  I  find  an 
hypothesis  somewhat  similar  to  what  is  here  advanced  was  adopted 
by  Laasaro  Moro^  a  Venetian  author,  who  asserts  that  the  continents 
were  originally  raised  by  subterranean  fires ;  but  he  considers  this 
merely  as  the  cause  of  tbeir  first  and  original  formation,  and  not  as 
having  occasioned  the  deluge^  nor  as  having  happened  at  thai 
time.  [PhU.  Tram.  VoL  LVII.] 
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la  a  Lf tier  aidrmtcd  loSirHoMraiT  DAvr,  by  Wiujui  RicBAaDioBi  D.Di 


Sia. 

1  EKgCBST  yon  will  b«  so  good  as  to  lay  before  the  RotbI  Society 
the  following  Obsenattoiu  oil  the  Natural  Hbtory  of  lliat  part  of 
Aolrini,  (rontiguoui  to  the  Giant':  CauKway,}  which  you  and  I  ex* 
amtiied  «o  carefully  together.  I  know  Dot  any  country  that  deserves 
10  well  to  liave  its  facts  faithfully  recorded ;  from  the  traportant 
concluNoui  to  which  they  lead. 

The  baultic  area  (taken  in  its  whole  extent)  comprebendi  the 
greater  part  of  Antrim,  and  the  cast  aide  of  Deny,  to  a  coasidetable 
drpili. 

In  a  geological  point  of  view,  Nature  *  has  been  very  kind  to  lliti 
dislrict ;  for  not  conteut  with  assembling  logelhei  in  a  small  ipace  so 
many  of  Iirr  curious  productions,  and  arranging  them  with  more 
regularity  and  steadiness  than  !n  any  other  country  described,  she 
has  condeKended  occasionally  to  withdraw  the  veil,  and  lay  herself 
open  to  view,  oQra  exhibiting  a  spectacle  equally  gratifying  to  the 
admirer  of  magnificence,  and  to  the  curious  naturalist,  who  can  here 
by  lunple  inspeclion,  trace  the  arrangements  which  are  to  be 
discovered  elsewhere,  only  by  penetrating  beneath  the  surface  of  the 
earth. 

As  *oon  as  we  enter  (lie  basaltic  area,  we  begin  to  perceive  traces 
of  theae  arrangements ;  as  we  advance  farther  north,  they  increase ; 
and  in  the  tract  near  the  shore,  aud  especially  at  the  island  of 
Ralhlin,  which  seems  to  have  come  fresher  from  the  hand  of  Nature 
than  the  rest  of  our  area  ;  the  stratification  of  the  whole  is  perfectly 

■  Bjrtke  word  nBlarc,«bicb  frrqucnlly  occuntu  the  gonne  of  Ibh  Memoir, 
I  tXmv/%  mcao,  Bccordiiit  to  Rat'i  dcBaitioD,  the  »iid««  of  God  tn  Ifa* 
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▼isible,  and  the  nature  of  the  scTeral  strata  laid  open  to  us  at  their 
abrupt  and  precipitous  terminations. 

To  the  southward  we  perceive  the  distinctive  features  abate»  and 
wear  away:  the  basaltic  stratification  indeed  remains,  but  is  no 
longer  displayed  to  us  in  the  same  manner;  the  neat,  prismatic^ 
inteltial  constniction,  of  the  strata,  which  occurs  so  frequently 
on^  and  near,  the  coast,  b  scarcely  to  be  met  with  at  a  distance 
from  it ;  a  rude  columnar  appearance  is  all  we  find,  and  that  but 

rarely. 

It  is  at  the  periphery  of  our  area,  and  especially  at  its  northern 
side,  that  every  thing  is  displayed  to  the  greatest  advantage ;  here 
we  have  perpendicular  hgsida  often  continuous  for  miles,  and  every 
separate  stratum  completely  open  to  examination. 

Of  these  fii9ades,  four  are  more  distinguished  by  their  grandevr 
and  beauty  than  the  rest,  Magilligan  Rock,  Cave  Hill,  Bengore,  and 
Fairhead. 

The  two  former  are  at  the  extreme  points  of  the  north-west  dia^ 
oal  of  our  area,  and  nearly  forty  miles  asunder ;  they  are  at  the 
summits  of  mountains,  and  accessible  by  land. 

The  precipitous  faces  of  Fairhead  and  Bengore,  to  which  I  had 
the  pleasure  of  attending  you,  and  which  are  visible  only  from  the 
sea,  are  the  most  beautiful,  and  the  most  curious ;  for  the  strata^ 
which  at  Magilligan  and  Cave  Hill,  arc  all  nearly  similar,  at  Fair- 
head  and  Bengore  are  much  diversified.  Of  Fairhead  I  have 
already  published  an  account  in  Nichobon's  Journal,  for  December 
1801,  and  I  now  propose  to  execute  an  intention  which  I  have  had 
for  some  years  of  giving  a  minute  account  of  Bengore. 

I  am  aware  that  it  will  be  extremely  difficult  to  convey  a  clear 
and  adequate  idea  of  an  assemblage  of  l6  strata,  (for  sucli  b  the 
number  of  which  our  promontory  b  composed),  appearing  and  dis- 
appearing at  various  altitudes,  yet  retaining  each  its  own  proper 
place,  and  forming  together  a  most  beautiful  and  regular  whole, 
though  never  considered  as  s|ich  before. 

But  as  I  have  the  aid  of  very  correct  views  of  the  most  important 
parts  of  the  fii^ade,  to  the  accuracy  and  fidelity  of  which  I  have 
already  obtained  your  testimony — I  shall  venture  to  proceed,  for  I 
am  anxious  to  bring  into  notice  the  most  complete  exposure  of  the 
internal  structure  of  a  dbtrict,  that  I  have  seen  or  read  of;  as 
there  b  little  likelihood  that  any  other  person  will  enjoy  the 
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opportunities  which  I  have  had  for  h>  many  yean,  of  exploring 
ibis  tDleresting  part  of  our  coast,  through  a  tuibulent  sea  aad 
(^id  tides. 

Detcriptioa  of  the  Promontory  of  Bengore,  and  its 
Stralificatiun. 

Thi«  promontory  coramencea  at  the  tenninatian  of  Busbfoot 
Strand,  where  ihe  coast,  the  general  direclion  of  which  for  Mveral 
Ifliles  had  been  due  ea^t  aod  west,  turn*  to  the  uorlfa-CHst,  and  after 
bnog  cut  into  several  sonii-circular  hays,  deflects  to  the  S.  S.  B.  and 
urn  the  old  castle  of  Dun»everick,  resumes  \\i  former  rectilineal  and 
nearly  cattem  direction. 

The  promontory  occupies  tbe  interval  befvieeii  Oiins-ivcrick,  and 
Hic  Black  Rock,  at  the  end  of  Bushluut  Strand,  abuui  i-iw  Euglbh 
niles :  the  la^adirs  conimencc  at  Black  Rock,  and  increase  in  liejght 
mtil  we  reach  Pleskin,  where  the  perpendicular  part  at  the  summit 
n  170  feet,  and  the  precipilDns  part  from  the  bottom  of  the  pillan 
to  the  sea  200.  As  we  proceed  on  from  Pleskin  to  Dunseverick. 
the  height  gradually  al»ites,  and  is  hnally  reduced  to  about  100 
ftet. 

In  tliu  whole  space,  wherever  the  precipice  is  accurately  perpen- 
dicular. tb«  Mveral  strata  are  easily  distinguished  from  each  other, 
fcat  where  (be  sliglitest  obliqnily  prevails,  a  grassy  covering  is  formed 
Aat  efiectually  conceals  all  beneath  it ;  hence  the  face  of  the  preci- 
pice Mems  much  diversified  ;  the  columnar  strata  in  some  placei 
only  exhibiting  detached  groups  of  pillars,  while  in  others  ihcy  form 
eslensive  colounades. 

1  sliall  DOW  state  the  appearances  as  we  approach,  and  coast  the 
promontory  from  the  westward,  noticing  in  this  first  view  of  the  pre- 
cipice, ciery  thing  that  may  he  considered  as  general,  and  reserving 
for  my  return  in  the  contrary  direction,  a  detailed  account  of  tilt 
■trata  taken  lepardlely. 

The  first  circumstance,  that  occurs  to  the  attentive  observer  on 
kis  approach,  is,  that,  although  both  the  promontory  itself,  and  the 
■trata  composing  it,  ascend  to  the  northward,  yet  it  is  not  in  the 
aUBc  angle,  the  strata  being  more  inclined  (o  the  borixon  than  the 
Kue  tracing  the  surface  of  the  promontory,  a  fact  which  I  tbali 
account  for  afterwards. 

From  the  Black  Rock  la  the  Giant'*  Cuueway  (about  a  mile) 

<    you  |.  T 
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the  nuUerialsy  and  thdr  arrangemeut,  are  similar  to  those  of  Ifae 
coast  to  the  westward,  viz.  strata  of  table  basalt,  generally  separated 
by  tbinner  strata  of  a  reddish  substance. 

At  the  Giant's  Causeway  a  new  arrangement  commences,  by  the 
aggregate  of  which  onr  coast  is  formed ;  nature  having  cbanged  ber 
materials,  or  their  dbpositioo,  or  both,  every  two  or  three  miles. 
To  the  system  of  strata  comprehended  between  the  Giant's  Cause- 
way and  Dunseverick  I  now  limit  nayself,  as  all  the  strata  composing 
it  emerge  between  these  two  points. 

As  we  proceed  along  the  coast  from  the  Giant's  Causeway  east- 
ward, we  percenpe  the  whole  mass  of  strata  ascend  gradually,  cul* 
minate  at  the  northern  point  of  the  promontory^  and  then  descend 
more  rapidly,  as  the  land  hXis  away  to  the  sooth-east,  until  having 
traced  them  across  the  face  of  the  precipice  we  see  them  immeige 
separately  at  and  beyond  Portmoon  Whyn  Dykes. 

The  western  side  of  the  promontory  is  cut  down  perpendicnlail^ 
by  eleven  Whyn  Dykes;  the  intervals  between  them  are  unequal, 
but  they  all  reach  from  the  top  of  the  precipice  to  the  water,  out  of 
which  some  of  them  again  emerge  in  considerable  fragments ;  they 
are  all  constructed  of  horisontal  prisms,  which  are  strongly  con- 
trasted with  the  vertical  piUars  of  the  strata  throogh  which 
they  pass. 

One  of  the  dykes  at  Port  Cooan,  on  Bengore,  half  a  mile  from 
the  Giant's  Causeway,  b  very  beautiful ;  an  insulated  rock  abont  16D 
feet  high,  and  20  in  diameter,  stands  perpendicular  m  the  middle  of 
a  small  bay ;  the  main  body  of  the  rock  is  similar  to  the  contignoos 
cousoli(iated  masses  i  but  on  the  east  side  a  singular  whyn  dyke  is 
joined  to  it,  composed,  (as  they  often  are)  of  several  walls  aggluti- 
nated  together,  with  wall-like  fragments  of  other  parts  of  tbe  d}kc 
emerging  at  their  base ;  the  solid  mass  of  dyke  is  seen  cuttkig  down 
the  precipice  to  the  southward  at  150  yards  distance. 

Depressions  of  the  Strata, 

Soon  afler  we  have  passed  the  last  of  our  whyn  dykes  at  Port 
Spagna,  (a  name  derived  from  a  vessel  belonging  to  tbe  Spanish 
Armada  having  been  driven  ashore  in  that  Creek),  we  discover 
a  new  and  curious  circumstance,  viz.  that  the  western  half  of  th^ 
promontory  has  sunk  or  subsided  between  thirty  and  forty  feet> 
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without  Ihe  aligltlest  concuision  or  <ienu)geinent  or  llie  paralleliua 
of  the  ilnta. 

Two  odier  depressions  appt^sr  as  we  proceed  onwHrds,  one  at 
PoTliDOOD,  and  tite  oilier  ni  ilie  angle  wliere  (he  prom  out  ory  begins 
la  project  froR)  tlie  reclitineal  coast;  llieie  however  are  tar  leu 
considerable  in  lliickness  ihaD  Ibe  preeediag,  neitiieT  of  iftem 
excelling  five  feet 

Such  depres^ioD)  occur  at  the  collieries  near  Ballycaslle,  and  gene- 
rally on  one  side  of  a  wlij-n  dyke.  We  have  also  at  Seaport,  two 
nulci  west  from  the  Giaot'ii  Causeway,  a  d^e,  oblique  and  undu* 
Utiug,  witli  B  depression  of  ll.e  strata  of  ahoul  four  feet  on  one 
siile  :  liut  on  Dengore  prwaontory  our  d^ket  are  iinaccompauied  by 
depreuioiis  of  the  strata ;  aod  where  we  have  depressiona,  we  do  nnt 
liad  a  Uace  of  a  dyke. 

The  poflions  of  ibis  extensive  facade,  which  I  have  selected  fot 
<explaualot7  views,  are  Portmoon,  in  or  near  wtnrh  most  of  tlie 
strata  emerge,  and  Pk'skin,  where  the  strata  culminate.  Each  of  these 
views  toOf  eibibils  one  of  our  depressions ;  hut  in  that  of  Pleskin, 
the  first  apparent  depression  is  purely  an  optical  effect  arising  Crom 
the  poution  of  my  friend  Major  O'Neal,  of  the  3l5lb,  who  took  liis 
view  from  the  water. 

Enumeration  of  the  axUen  Strata  that  rompote  the  Promotitory 

of  Beagore,  taken  in  llteir  regular  Order,  and  euiuUiiig  from 

above. 

Tlie  country  immediately  to  the  southward  of  Bengore  is,  like  the 
Promontory  itself,  a  stratified  mass,  accumulated  to  the  summits  of 
Craig  Park  and  Craa^morei  Ihe  first  five  hundred  aifl  the  second 
seven  hundred  feet  high  ;  but  with  these  strata  I  have  nothing  to  dn, 
limiting  myself  to  those  alone  of  which  the  prnmoulorj  is  formed, 
and  which  are  exhibited  iu  its  fa^des. 

The  uppermost  of  these  commences  near  half  a  mile  to  Ihe  east- 
ward of  the  angle,  where  the  coast,  defiecling  from  its  due  east 
Mid  west  course,  turns  to  the  north-west,  and  begins  to  form  tlt« 
promontory. 

So  ftr  the  course  of  ihb  stratum  is  to  appearance  perfectly  hori- 
totitkl ;  for  the  strata  all  ascending  to  the  north,  tli'r  ii.Iersection  of 
Ibeir  planes  with  ibe  plane  of  the  sea,  must  rnn  eati  and  west,  that 
K  i»fbe  pKient  case  it  coiucid(»  with  the  directioa  of  the  coast. 
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Bat  when  the  coast  changes  its  directioo,  this  coitiddeiice  ceases, 
and  the  facade  (that  b  the  vertical  section  of  the  coast)  losing  its 
cast  and  west  couise,  its  strata  must  appear  to  ascend  towards  the 
point  it  turns  to;  therefore  the  strata  at  Portnioon»  and  along  the 
north-east  side  of  the  promontory,  should  ascend  oUiquely  aloi^ 
the  fafades^  as  thej  tctnally  do. 

lini  Stratum. 

The  stratum  I  conmence  with  forms  the  whole  fiifade,  from  its 
firrt  appearance  until  it  reaches  the  promontory ;  it  consists  of  mas- 
sive pfllars  rather  rode,  and  about  siit j  feet  longj  its  course  for  half 
a  mile  (as  I  have  stated)  seems  horizontal  i  but  on  the  fisce  of  the 
promontory  it  ascends,  and  continues  to  rise  uniformly  until  it 
reaches  the  summit,  which  it  Hues  as  far  as  Portmooo,  on  the  south 
side  of  which  it  loses  some  of  its  thickuess,  then  suddenly,  disap- 
pears and  vanishes  from  that  facade,  receding  westward  in  the  fonn 
of  a  stony  ridge,  and  is  seen  no  more. 


Second  Stratum. 

The  stratum  upon  which  the  preceding  rests,  is  red  as  brick, 
and  about  nine  feet  thick;  it  appears  in  spots,  and  patches  just 
above  high  water  mark,  so  long  as  the  incumbent  stratum  continues 
horisontal ;  but  when  that  rises  obliquely,  the  second  ascends  with 
it ;  it  is  now  completely  displayed,  and  having  supported  the  pre- 
ceding in  its  course  to  the  summit,  vanishes  with  it  aud  is  seen  no 
more 

These  ochreous  matters,  so  common  in  all  basaltic  countries, 
according  to  Mr.  F.  St  Fond's  opinion,  were  once  pure  basalt,  but 
have  undergone  some  chemical  process  of  nature  we  are  unac- 
quainted  with,  by  which  their  colour  has  been  changed. 

Third  Stratum. 

The  next  stratum  is  the  last  of  those  composing  the  promontory 
which  appears  beyond  it ;  for  so  long  as  the  first  and  second  con- 
tinue their  horizontal  course  towards  Bengore,  this  third  accompanies 
them,  shewing  its  upper  surface  between  high  and  low  water  mark ; 
but  when  it  ascends  along  with  the  others  across  the  fa$rades»  it  dis- 
plays its  whole  thickness,  above  fifty  feet. 

Thi^  Saturn  is  of  that  variety  of  basalt,  I  have  on  dlQeieot  occa- 
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Mons  dittiitguishrd  by  the  name  irregular  prbmatic :  it  resembln  the 
columnar  basalt  ia  grain,  bill  ditferi  from  it  totally  iii  principle  uf 
internal  con  struct  ion ;  for  its  pri^im  are  small,  not  articulated, 
and  indiffrreal  as  lo  (he  poiitioD  of  ibeir  axes,  which  is  perpetually 
cban^iDg. 

The  irreguUr  priimalic  basalt  atcanipanies  the  columnar  in  most 
countnes,  as  at  Pont  du  Baume,  at  Trezzn,  at  Bolsena  in  the  Sound 
of  Mult,  and  at  Slaffa.  In  Antiiui,  it  a  very  coinnioii ;  and  here  ii 
a  sinking  resemblance  between  tlie  rock  crowning  the  celebrated 
columns  at  Staffii,  and  a  slraluiu  covering  a  very  neat  colonnade  at 
Ctaigahullur,  uear  Portrush. 

Thia  straiirm  is  scolloped  ofl'  irregularly  from  Ihe  point  where  it  be- 
comes superficial,  until  it  completely  disappears  ;  a  thin  stripe  of  it> 
loirer  edge  alone  is  ever  resumed  again. 

Fourth  Stratum. 
The  next  three  strata  will  require  only  very  short  descriptions, 
Tlw  fourth  ij  about  seven  feet  thick,  entirely  columnar,  the  pillar* 
small,  bat  not  neat ;  they  appear  very  white  from  a  thick  covering 
of  ByiMi*  saiatilis,  which  shews  a  great  predilection  for  this 
■tntum. 

Fifth  Stratum. 

Tills  stiatum  b  oehreous,  and  more  of  a  slate  colour  than  any 

of  the  other  red  strata ;  as  it  is  friable,  it  soon  acquires  a  grauy 

coat,  through  whicli  it  i*  only  in   *pot>  that  it  shews  its  proper 

colour  I  it  b  about  eight  feet  thick. 

Sixth  Slralum. 

Tbis  stratum  is  composed  of  rude  massive  pillars  so  coinely 
fnnDcd,  that  on  the  least  abatement  of  perpendicularity  the  columnar 
form  can  scarcelv  be  traced.  This  stratum  is  about  ten  feet  thick  : 
it  forms  the  vertex  of  the  beautiful  conical  island  Beanyn  Daana. 

Ttwac  but  strata,  though  they  have  nothing  very  remiirkable  in 
tkciDBelves,  nor  contribute  much  to  the  beauty  of  Ihe  fumade,  yet 
exfaibil  one  of  the  most  important  facts  I  am  acquainled  wilh 
iu  nlaral  iiutoiy.  and  which,  when  allenlivrly  considered,  throws 
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mttck  l%ht  ^n  the  aature  of  the  dpcietiont  perfMned  vpoa  our 
glebe  HBoe  Hs  cootcylkletioiiy  and  leads  m  irrenstiUjr  to  Goachyiiai 
eJUnoidinary  end  unexpected. 

The  foactb,  fifth,  and  sixth  strata  reach  the  top  of  the  piecipiM, 
and  vaobh  together  at  the  waterfall «  the  north-west  comer  of 
fioitmooaii  When  they  come  to  the  surface,  they  turn  inland  to  the 
westward  in  long  stony  ridges;  these  obstrucl:  the  course  of  the 
waters  in  their  decent  along  the  inclined  plane,  formed  by  the  sut* 
htot  of  the  psooMNitory,  and  throw  them  oter  fSbt  precipice»  m 
acsMade  highly  beautiful  after  raio. 

On  the  facades  to  the  north-west  not  a  tsace  of  them  appear^ 
these  being  eotiiely  forased  by  the  lower  strata,  which  I  hafe  not 
yet  noticed ;  but  at  the  distance  of  a  mile,  at  the  great  depteswan 
(already  mentioned),  the  fourth,  fifth,  and  siith  strata,  with  a  nar* 
row  stripe  of  the  third,  suddenly  appear,  in  their  regular  poets,  their 
proper  order,  and  with  all  the  characteristic  marks  peculhr  to  each 
separate  stratum. 

In  the  mterval  between  the  depression  at  Pleskio,  and  the  Qiant*s 
Causeway  (about  a  mile),  these  three  strata  often  appear  in  a 
deanltory  way  on  the  summit  of  the  precipice,  wherever  it  b  of  suf- 
ficient height  to  receive  them,  always  preserving  their  usual  thick* 
ness,  theur  character^  and  their  order ;  so  that  a  person  master  of 
the  order  I  am  detailing,  as  he  approaches  a  rising  point  of  the 
precipice,  can  tell  its  strata,  and  then*  order,  before  he  is  near  enough 
to  dbtinguisb  them. 

Seventh  Stratum. 

The  rude  and  massive  pillars  of  the  sixth  stratum  pass  mto  the 
neater,  and  much  longer  columns  of  the  seventh,  without  interrupt- 
ing  the  solidity  or  continuity  of  the  material ;  exactly  as  a  down- 
held  hand  appean  to  separate  mto  fingers.  The  thickness  of  this 
stratum,  that  is  the  length  of  the  pillars  of  which  it  is  formed;  ts 
fifty4bur  feet;  and  in  its  passage  across  the  face  of  the  pcedpioe, 
displays  more  beautifiil  colonnades  than  any  of  the  others. 

This  seventh  stratum  eawrges  from  the  beach  immediately  behind 
die  south-east  point  of  Portmoon,  and  where  it  first  shews  itself  in 
that  bay,  has  its  lower  edge  raised  only  a  few  feet  above  the  water ; 
it  forms  the  upper  fimstum  ef  the  larger  of  the  two  corneal  isfauMb^ 
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ucends  obliquely  alon|  Ibe  fac«  of  PoTlmoon,  and  continues  to  rise 
BUtil  h  compose)  the  upper  range  in  the  beautiful  b^e,  properly 
called  Bcogore  Head.  This  ii  probably  the  moat  magnilicent  of  all, 
its  convexity  towards  the  sea  producing  a  tine  efi'ect.  The  lower 
edge  of  this  stistuni,  that  is  ttie  line  forming  tlie  buse  of  its  pillars, 
has  here,  as  at  Pie^iu,  altaiued  tlie  lieiglit  of  three  bundtcd  feet 
shore  the  tiater. 

Tliis  serenth  stratum,  like  those  above  it,  aha  luflers  an  iutenup* 
lion :  for  alter  havmg  exhibited  itself  to  such  great  advantage 
It  Bengore,  the  extreme  aorlhem  point  of  the  promontory  lowers 
and  this  ilratuin  dtsa]^ars  for  about  one-lbird  of  a  milt ;  as  the 
promontorr  rises,  it  is  resumed  again  in  great  beauty  at  Plcskin,  and 
i«  interrupted  no  more ;  we  scarcely  ever  lose  sight  of  it  until  we 
reacb  Port  Noffer  (the  next  bay  lo  tlie  Causeway)  ;  here,  for  want 
of  perpendicularity  it  is  little  seen,  nnd  is  finally  lost  over  the  Cause- 
iray,  we  hitow  not  well  how. 

Eighth  Stratum. 

The  next  slratum  is  of  the  same  variety  of  basalt  with  the  third, 
that  i^  inegnlar  prismatic ;  it  is  lifly-four  feet  thick.  Where  it 
emerf^es  at  the  soulli-east  cumer  of  Portmoon,  it  is  quite  accessible 
by  land,  and  afibrds  the  l>est  upporlutiity  1  know  for  examining  this 
species  of  basalt,  as  it  is  there  very  neat. 

There  is  litllc  more  of  this  stratum  seen  in  the  facade  of  Port- 
moon  for  want  of  (wrpendicularity,  but  it  forms  the  lower  frustum 
of  the  great  conical  island  BeanNn  DaMna,  and  the  whole  of  the 
■mnller,  except  tlic  base ;  it  is  well  disfilHyed  uver  the  remainder  of 
the  precipice,  it  forms  the  intermediate  stratum  between  ihe  magni- 
ficent coloDiuules  at  both  Bengore  and  Pleskin,  and  finally  is  lost 
just  over  Ibe  Giant's  Causeway,  Lar^e  globular  fragments  have 
fallen  from  it,  and  are  scattered  about  the  Causeway, 

Ninth  Stratum. 
This  stratum  is  forty-four  feet  tliick,  that  being  the  exact  Ungth 
oftbe  neat  pillars  composinit  it ;  at  its  emersion  it  forms  the  bases 
of  the  two  conical  islands  in  Portmoon,  and  is  no  more  seen  in  thai 
bay;  but  immediately  to  the  northward  it  begins  to  shew  itself  ia 
colonnades  and  groups,  some  of  them  rescmbUng  c:islle> 
loiretf. 

t* 
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It  asoends  along  tb«  precipice  obliqiielj»  like  those  abofe  it,foniB 
the  lower  range  at  Bei^gore  and  PleAin,  fton  which  hwt  it  dBpt  to 
the  westward  regolariy,  compoMi  the  groupat  Port  Noffinr,  called  the 
Organs ;  seen  from  the  Cantewaj,  and  finally  at  its  immenlon,  or  io» 
tenection  with  the  plane  of  the  sea,  it  fenns  the  beantifnl  ■  wcMblige 
iof  neat  piihurs^  so  kmg  distingoished  hy  the  name  of  the  Giant's 
Caoseiray. 

•  At  these  two  intersectionsy  each  of  them  accessible  by  hud  and 
water,  the  prisms  exactly  resemble  each  other  in  grain,  sise,  and 
aeatnett;  the  intemd  between  them  is  iiiU  two  milesj  through  great 
part  of  which  this  stratum  is  displayed  at  di£fereat  heights ;  it  col* 
minates  between  Pleskin  and  Bengore,  with  its  lower  edge  won  tlnui 
two  hmidred  feet  above  the  water. 

We  see  now  what  a  dinnrntive  portion  of  oar  vast  basahic  mm 
has,  nntil  lately^  mooopoUaed  the  attention  of  the  cnrioos ;  and  even 
after  it  was  discovered  that  we  had  many  other,,  and  muck  finer 
collections  of  pillars  on  the  same  promontory,  it  never  occurred,  to 
those  who  were  preparing  to  give  accounts  of  them  to  the  public, 
to  examine  whether  these  were  mere  desultory  gronpsk  or  detached 
parts  of  a  grand  and  regular  whole,  which  a  more  cooBpiehensivt 
view  of  the  subject  would  soon  have  laid  open  to  them. 

TerUk  SirtUum. 

The  stratum  upon  which  the  piilam  of  the  preceding  vest,  b 
ochreous,  red  as  minium,  and  about  tweuty  ^t  thick ;  it  is  scarcely 
seen  at  Pbrtmoon,  a  patch  alone  of  its  surface  being  distinguishable 
under  water  at  low  tide ;  but  immediately  to  the  northward  it  shews 
Itself,  and  from  its  bright  colour  makes  a  conspicuous  figuia  aoms 
the  fiice  of  the  precipice  in  a  course  of  more  than  a  mile  and  half; 
its  last  appeaiance  to  the  westward  is  at  Rovinvalky,  the  opposite 
point  of  the  bay  from  the  Giant's  Causeway,  from  which  we  hate  a 
good  view  of  it.  The  final  dip  and  immersion  of  this  tenth  stratum, 
as  well  as  its  emersion,  are  lost  for  want  of  perpendicularity. 

The  six  remaining  strata  are  aU  similar  in  material,  but  difeii^ 
much  from  each  other  in  thickness  ;  they  are  all  of  that  deKt^pCion 
called  tabular  basalt,  sometimes  shewing  a  faint  di^iosition  to 
auume  a  columnar  form  at  their  edges,  and  always  separated  from 
each  other  by  ochreous  hiyers. 

These  six  strata  are  not  so  perfectly  distinct  as  those  above  tbcmr 
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tot  WBieUiiiei  we  tbink  we  cau  cnunl  seven,  and  again  not  more 
than  &ve:  nor  dou  each  of  tiiese  preserve  tbe  same  ihickneu 
through  their  whole  extent,  fur  tliey  ate  di.'eper  towards  the  ooTthem 
poiul,  where  they  culminate,  tbrming  by  themwives  a  perpeniJicular 
iapade  near  two  hundred  feet  taigli,  but  they  grow  thinner  as  thej 
recede  from  this  centre. 

The  jel)  of  black  rock  to  which  lliey  gjve  rise,  make  their  last  af^ 
pearance  on  the  weal  side  at  Uovinvallej,  where  they  strongly  dis- 
play the  inclinalion  of  their  strata,  (tlie  same  with  all  the  rest)  to 
those  approaching  from  the  westward  ;  their  final  immersion  is  lost 
for  wKDt  of  perpendicularity. 

I  sliall  now  proceed  to  select  from  the  great  mass  ofl^cts  that  are 
ciiubiied  ou  the  face  of  Beogure  promontory,  and  occur  in  the  con- 
liguous  basaltic  country,  such  as  seem  applicable  to  geological  quef 
tMMis,  and  likely  to  throw  light  on  ouch  subjects. 

JFaclt  applicable  lo  geological  Quealtons. 

!•  Every  stratum  preterres  accurately,  or  very  nearly,  the  same 
Ihicknen  through  in  whole  extent,  with  very  few  exceptions. 

2-  The  upper  and  lower  surface  of  each  stratum  preserve  au 
exact  parallelism,  so  long  as  they  are  covered  by  another  stratum  ; 
but  when  any  stratum  becomes  the  superficial  one,  its  upper  surface 
is  scolloped,  or  sloped  bwbj  irregularly,  while  the  plane  lorming  its 
baie  coutinues  steads,  and  rectilineal;  hut  the  parallelism  of  its 
planes  i*  resumed  as  soon  as  another  stratum  is  placed  over  it. 

3.  Tbe  super6cial  liues  bounding  the  summit  of  our  la^ades,  and 
our  surface  itself,  are  unconnected  with,  and  unaffected  by,  the 
arrangement  of  the  strata  below  them. 

4.  Nature,  in  the  formation  of  her  arrangements,  bas  never  acted 
upou  an  extensive  scale  iu  our  basaltic  area,  (at  least  on  its  northern 
side,  wberc  our  coDtiuuoiss  precipices  enable  us  to  determine  the 
point  with  precbion,)  but  changes  her  matermli,  or  her  arrange- 
ment, or  both,  every  two  or  three  miles,  and  often  at  much  smaller 
inlervals. 

5.  Wherever  tliere  is  acliaoge  of  material,  as  trum  one  stratum  t* 
another  in  a  vertical  line ;  or  where  the  change  is  in  a  horiaootd 
direction  by  the  introduction  of  a  new  system ;  or  where  a  whyii 
dyke  cuts  through  an  accumulation  of  strata ;  in  all  these  cases  the 

Mg«  'm  alwsya  f«r  talttm  and  never  ptr  gradnt,  the  linas  of  de> 
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nmcatioo  abmyi  distiDct»  and  well  dcfiMd;  jpel  the  dilereot 
■■iliiriili  ptsi  into  eack  other  withoat  intemiptiog  the  aolidkj  and 
ooBtinaity  of  the  whole  oiass. 

6.  The  facades  on  our  coast  are  formed  as  it  were  by  Tertkai 
planet,  cntting  down,  occasiooally,  the  aocnmulations  of  our  strata  r 
the  upper  part  of  these  fa9ades  is  generally  perpendicolary  the  lower 
steep  and  precipitous. 

7«  The  bases  of  our  precipices  commonly  extend  a  considerable 
way  into  the  sea;  between  the  water  and  the  fool  of  the  precipice^ 
(and  especially  near  the  latter")  there  b  frequently  exhibited  the 
wildest  and  most  irregular  scene  of  confiision,  by  careless  obseifeis 
supposed  to  be  formed  by  the  ruins  of  the  precipice  above,  whieh 
have  Alien  down ;  such,  no  doubt,  was  Mr.  Whitehurst's  idea,  when 
he  describes  one  of  these  scenes  as  «^  an  awful  wreck  of  the  tetiB* 
queous  globe.** 

But  a  more  attentive  observer  will  soon  discover  that  these 
capricious  irregularities,  whether  in  the  form  of  rude  cones,  as  at 
Beanyn  Daana,  and  the  west  side  of  Pleskin ;  or  towers^  as  at  the 
dyke  of  Port  Cooan  and  Castro  Levi^  at  the  foot  of  Magflligan 
fiipade^  even  sfins  and  obelisks^  as  to  the  westward  of  Kenbaan, 
and  at  the  Bull  of  Rathlin ;  yet  all  of  these  once  formed  part  of 
the  original  mass  of  coast,  stratified  like  it,  and  their  strata  st3l 
correspond  in  material  and  inclination  with  those  in  the  contiguous 
precipice. 

8.  These  vertical  sections  or  abruptions  of  our  strata  are  by  no 
means  confined  to  the  steeps  that  line  our  coast;  the  remaining 
boundary  of  our  basaltic  area  has  several  of  them  equally  grand ; 
and  similar  abruptions,  or  sections  (though  not  so  deep)  are  scattered 
over  a  great  part  of  our  area,  and  especially  on  the  ridges  of  our 
hills  and  mountains  which  are  cut  down  in  many  places  like  a  staiTi 
by  the  sudden  abruption  of  the  basaltic  stratum. 

9*  Wherever  the  strata  are  thus  suddenly  cut  ofi;  whether  it  be  a 
mass  of  accumulated  strata  as  in  the  facades  on  our  coast,  or  soli« 
tary  strata  in  the  interior ;  the  materials  on  one  side  of  the  abmptiMi 
are  completely  carried  away,  without  a  fragment  being  left  behmd, 
while  on  its  other  side  the  untouched  stratum  remains  inlbe  and 
undisturbed. 

I  shall  not  proceed  to  apply  these  facts  to  support,  or  invalidale, 
any  of  the  numeraiis  the<nies  which  have  given  rise  to  so  BMck 
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a  which  I  myself  (s»}ou  kaaw)  have  borae  some  part ; 
0  nature  atone,  ivitbout  much  refereDce  lo  opinions, 
■ad  slmll  ctitleavour  to  truce,  1>>  the  marks  she  has  left  behiiid  her, 
•Dme  of  the  grand  operations  f>lie  once  executed  aa  the  surface  of 
enr  globe. 

Varro  divided  the  time  elapsed  since  the  beginning  of  ilm  world 
lata  three  portions,  whicli  he  distinguished  b;  the  names,  prel^ticum, 
fihlonm,  and  hiUnTicum. 

Tlie  first  comprehended  the  period  of  absolute  darkness;  in  tht 
Mcond  some  faint  lights  were  tlirowu  upon  tlie  hbtory  of  its  events, 
b;  fable  and  Intdilion  ;  in  tiie  third,  the  historian  had  the  common 
aids  from  which  history  is  usually  compiled. 

The  uattiral  histotjr  of  the  world  scetnato  admit  of  a  corresponding 
division.  In  the  firsl  1  include  the  formation  of  our  strata,  their 
■dimlion,  their  derangement  from  the  horizontal  position  in  which 
Ibey  seem  originally  to  have  been  placed,  and  the  operation  of  cutting 
Ibnn  down  by  so  many  whyn  dykes. 

Iii  the  second  division,  corresponding  to  Szxxo'ifaluloium,  I  com- 
prehend the  opei^tions  performed  upon  our  globe,  posterior  to  its 
final  consoltdatioti,  and  antecedent  lo  all  historj  or  tradition ;  ope- 
tatiooi  tlierefore  that  can  be  established  by  the  visible  effects  alone 
•bicfa  still  ciist,  written  in  strong  characters. 

The  Ifaird  division  contains  the  period  since  we  acquired  some 
Juowledge  ot  natural  history,  became  acquainted  uilh  causes  and 
able  to  trace  the  connection  between  them. 

Wilb  the  operations  performed  in  the  first  division  (correspond- 
ing with  Varro's  proUflicum)  modern  theorists  assume  that  they  are 
well  acquainted,  able  to  account  for  every  appearance,  and  to  detail 
tbe  whole  process  of  original  formation.  1  however  shall  decline 
■olicing  these  early  processes  of  nature,  and  limit  myself  to  the 
Mntrid  division  of  natural  history,  hoping  from  the  promiDeiil 
,  fauurei  of  my  country  that  remain  still  undefaced,  and  from  its 
tarioua  facts,  to  trace  and  demonstrate  the  great  ctlects  that  have 
been  produced  upon  our  surface ;  and  though  1  do  not  presume  lo 
advance  fiirther.  1  perhaps  may  assist  in  clearing  the  way  for  future 
■•tutalHls,  and,  by  establishiug  eff<;cts,  encourage  them  (o  proceed 
to  causes,  and  help  them  to  discover  the  powers  and  agents  by  which 
tbtte  giaad  operations  have  been  executed. 


ta4  OF  THE  INEQUALITIBS  TKAT 

Enquiry  into  the  Formation  of  our  perpendicular  Fafodes* 

It  Is  natoral  that  the  first  great  operatkHi  we  proceed  to  imresti- 
gate,  should  be  the  formation  of  our  magnificent  facades,  one  of 
which  18  the  principal  subject  of  this  memoir. 

The  line  of  coast  that  bounds  our  basaltic  area  on  its  north  side, 
eitends  about  twenty-five  Irish  miles^  in  which  course  the  prec^ncei 
are  nearly  continuous,  and  more  than  one  half  of  them  absolutely 
perpendicular  for  a  great  part  of  their  stupendous  height.  Tbe 
operation  by  which  they  were  cut  off  so  abruptly,  and  left  with  s 
formidable  aspect  towering  over  our  coasts  is  the  one  wo  inquiie 
into. 

That  these  bold  precipices  once  projected  fiirther  in  many  phees 
b  easily  demonstrated ;  at  Beanyn  Daana,  and  at  the  Chfrnney,  the 
columnar  construction  was  obviously  once  carried  much  fiirtber  out 

At  the  Milestone,  Portoooan,  and  Portnabau,  the  fragtnents  of 
dykes  extend  fiir  beyond  the  face  of  the  precipice. 

These  same  facts,  together  with  the  projecting  base,  allow  that 
these  sudden  abruptions  were  not  formed  by  the  subsiding^  and 
sinking  of  one  part,  leaving  the  remainder  in  its  place :  still  leas 
by  any  violent  revolution,  or  convulsion ;  as  the  stratificatioo  has  not 
sustained  the  slightest  shock  either  above  or  below  the  facade. 

The  formation  of  onr  abrupt  coast,  has  been  ascribed  to  tbe 
action  of  the  sea  beating  violently  against  it,  washmg  away  the  lower 
parts,  and  leaving  a  perpendicular  fa9ade  standing ;  as  we  often  see 
on  the  banks  of  rapid  and  encroaching  rivers. 

A  cool  examination  of  our  precipices  will  soon  prove  that  oor 
fd9ades  could  not  have  been  so  formed,  for  we  always  find  them  on 
the  highest  part  of  the  cKff,  and  receding  from  tbe  water,  which  codd 
be  mstrumental  in  bringing  down  the  materials  from  above,  only  by 
washing,  and  so  wearing  away  the  bases  of  the  steepest  parts ;  but 
the  elevations  of  these  bases  are  utterly  irreconcileable  to  this  sop- 
position  ;  for  instance,  the  base  of  Pleskin  fii9ade  b  two  hundred 
feet  above  the  present  level  of  tbe  sea,  that  of  Fairhead  three  bun* 
dred :  now  bad  the  sea  ever  risen  to  either  height,  it  would  have 
submerged  a  great  part  of  Ireland,  and  none  of  the  oe^fabouring 
country  (whatever  its  level  may  be)  bears  the  least  resemblance  to 
alluvial  ground,  nor  shows  any  mark  of  having  been  once  covered 
by  the  sea. 

The  next  argument  b  still  more  conclusive;  the  boundary  of  oor 
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basaltic  area  ou  its  north  side,  is  for  iwenty-fiTe  miles  alio  the  con- 
£ae  of  sea  and  laod  ;  so  far  it  is  natural  to  ascribe  its  features  and 
cbaracterUtic  mark;,  to  the  action  of  the  powerful  element  that 
fitati  against  il.  But  when  that  precipiloui  boundary  ceaus  to  be 
the  confine  of  sea  and  lawl,  turns  southward  towards  the  interior, 
^d  becomes  the  line  of  demarcation  between  tlie  basaltic  and  scliis- 
fase  country  on  the  west,  it  still  preserves  its  former  character; 
that  is,  of  a  range  or  ridge  of  very  iiigh  land,  sleep  to  the  exterior, 
■nd  sometimes  cut  down  vertically  into  fa9ades,  like  its  northeta  part 
ftU  lines  iLe  shore. 

.  Thus  Magilligan  Rock  (four  miles  inland)  is  not  inferior  in  mag- 
juficence  to  any  of  our  faj^ades  on  the  coast,  its  perpendicular  sec- 
iioD  i*  one  hundred  and  seventy  feel,  and  ibis  continuous  for  a  mile ; 
.Ifcc  fayades  at  Bienbiaddock,  are  nine  miles  farther  inland,  and 
'ilbose  of  Mooyneeny  tliirteen;  uliile  Ihe  base  of  the  lowest  of  these 
perperidicular  precipices  is  elevaled  140O  feet  above  the  sea. 
, .  The  lune  sty W  prevails  on  Ihe  east  sirie  of  our  basaltic  area,  ancr 
;  iU  bouadary  ceases  to  be  the  confine  of  sea  and  land ;  for  the  linie- 
fltone  ftpades  at  Garron  Point  (considerably  above  the  level  of  the 
'  lea)  exacdy  resemble  those  of  Dunluce  and  Kcnbaan  at  the  water 
fflgej  tod  Care  Hill  (several  miles  from  the  sea,  and  nearly  one 
irom  the  shallow  estuary  of  Belfasi),  exhibits  basaltic  lufades  at  tbe 
Mglit  of  ooe  thousand  feet,  precisely  similar,  little  inferior  to  tbosa 
,  M  Magilligan. 

The  exact  resemblance  between  our  inland  facades  (on  the  east 
«ik1  west  sides  of  our  area)  to  those  on  the  shore,  proves  tlicm  to  be 
'  ^  effects  from  the  same  cause,  and  that  our  accumulated  strata  havo 
in  isll  these  similar  instances  been  cut  down  vertically  by  tbe  same 
^eDt,  and  that  tbb  agent  was  not  the  sea. 

Nor  has  this  powerful  agent  confined  its  operations  to  onr  coast, 
.^  Id  the  periphery  of  our  basaltic  area;  we  can  trace  it  over  its 
jrfiole  sur/ace  ;  we  find  throughout  its  interior,  similar  though  very 
{^dimiuutive  abmplions,  executed  precbely  iu  the  same  manner,  that 
Ijkt  strata  cut  across  by  a  long  vertical  facade,  ibeir  planes  on  the 
^^iper  side  perfectly  undisturbed,  while  on  the  lower  side  all  tbe 
tJ^terials  of  which  that  part  of  the  stratum  was  once  composed  are 

rmpletely  carried  off.— (See  6thfacl.) 
We  are  now  unavoidably  led  into  n  discussion  of  a  question  which 
l|as  It  tli  limes  occupied  tiie  attealioD  o(  itat^alisls. 
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fiSO  OP  TUB  tNEQUALITIBB  THAT 

Whence  arise  the  hteQualitiea  with  nhkk  the  Surfate  of  tkt 
Earth  is  so  exixeding/y  divfrafiedf 

1  sfaall  not  attcmjit  to  encounter  tliis  question  geDeratly,  not  Iv 
extend  niy  enquiries  beyond  llje  limits  I  have  preaciibed  to  my^ti 
but  I  shall  try  whether  the  ruriou!  facia  so  profuselj  exhibited  orar 
our  basaltic  area,  throw  any  light  upon  the  foriiialion  of  our  owi 
inequalities  or  lead  us  a  step  towards  iliediscoverj- of  the  openlioM 
by  which  such  stupendous  effects  have  hcen  produced. 

Some,  to  escape  the  difBcutlies  in  which  Ihis  quntion  b  imolivdt 
ascribe  our  inequalities  to  origiual  formation ;  as  if  the  world  faai 
«onie  from  the  liand  of  llie  Creator  with  the  variegated  ftirbvt 
which  now  conln'butos  so  much  to  its  beauty ;  bal  the  frvqoeM  r^ 
terruptions,  and  resumptions  of  the  strata  in  our  area,  wilh  the 
perfect  resemblance  of  the  corresponding  parts,  however  grrti  the 
interval  by  whicli  they  are  separated,  can  scarcely  leave  a  dnubt 
that  these  strata  were  at  first  continuous;  of  courte  the  figure  of 
our  surface  at  lljnl  time  must  have  depended  on  the  original  pori* 
tions  and  inclinations  of  these  strata,  which,  as  appears  by  ib«  34 
fact,  are  now  unconnected  with  the  superficial  line,  the  figure  of 
which  is  governed  by  iheir  abnipttoos  and  removals  alone. 

Naturalists  liave  differed  much  in  opinion  as  to  Ibc  direclioa  ift 
which  the  causes  acted  that  produced  the  inequalities  on  ibe  lurfiMB 
of  our  globe  ;  some  rel'erring  us  to  the  bowels  ofthe  earth  at  lo  ibc 
scene  of  action;  while  others  assert  that  the  opera  I  ions  wr  re  pel* 
formed  upon  tlie  surface  itself. 

But  the  slightest  inspection  of  our  facades  witl  at  once  prove  Oat 
the  first  hypothesis  cannot  be  correct :  for  obliquity  of  dimlNa 
must  have  been  the  result  of  u  disturbing  cause  acting  from  bdow; 
whereas  parallelism  and  a  »tendy  rectilinear  course  disliirgoiili  tb» 
basaltic  arrangements  of  which  [  have  been  treating. 

We  have,  it  is  true,  occasional  depressions  of  our  strata,  wbera 
lliey  obviously  have  subsided,  and  no  doubt  fi'om  a  failure  of  *u|W 
port  below ;  hut  in  no  instance  tJiat  1  have  met  with,  in  our  area,  an 
these  attended  by  the  slightest  concussion  ;  the  permanent  and  tul^ 
tided  parts,  with  us  still  preserve  their  parallelism,  and  the  cenlinuily 
of  their  material;  whence  it  is  probable  this  event  look  place  pr» 
vious  to  the  ioduraiion  of  the  strata,  and  of  course  anlecedenl  t* 
the  period  lo  which  I  limit  myself. 

fiofibo  aKTttwi  oar  nperficial  ineqnditie*  to  die  agkitiea  of  thl' 
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wsten  while  they  covered  out  earth,  aad  argues  from  the  reMin* 
blance  these  ioequalilies  bear  to  llie  naves  of  ihe  sea ;  a  resemblance 
I  cannot  (race  in  aoy  country  which  1  have  observed ;  nor  could  onr 
suddvn  and  perpendicular  abruptions,  ever  have  been  produced  by 
any  agitation  of  tlie  waters. 

Professor  Flayfeir  considers  rivers  as  having  formed  not  only  (be 
beds,  or  channels  in  which  Ihey  flow,  but  also  ihe  whole  of  the  vaU 
lies  through  which  they  run,  and  in  geneml  all  the  inequalities  of  ' 
our  surlace  ;  but  au  attentive  observer,  Iniciug  the  course  of  any 
of  our  rapid  rivers,  would  soon  perceive  Ihat  the  quantily  of  its  de- 
predations has  been  comparatively  insigniticanl,  and  that  they  ca> 
be  deleniiiiied  with  precision ;  the  river  has  no  doubt  in  several  places 
extended  itself  considerably  on  both  sides,  but  in  the  intermediale 
space  between  the  remotest  boundaries  it  ever  reached,  it  levels,  in- 
stead of  raising  inequalities. 

The  same  result  I  apprehend  would  follow  from  the  operatiom 
of  another  asent,  which  theorists  are  in  the  habit  of  calling  in  to 
tlieir  aid,  when  ihey  canunt  fiud  some  certain  material,  which  from 
Ibeir  theory  we  had  reasou  to  expect ;  ihey  then  tell  us  it  has  been 
carried  alt',  and  lost  in  the  suite  of  degradations  and  decompositions. 

Rut  decay  and  decomposition,  instead  of  creating  ineqtiahlier, 
would  produce  a  contrary  effect,  and  deface  those  actually  existing; 
they  would  gradually  abate  tlie  height  of  our  perpendicular  facades, 
and  increase  the  green  steep  at  their  bases  by  the  accumulation  of 
Ihe  crumbling  and  mouldering  material  from  above ;  while  the 
more  diminutive  facades  formed  by  the  abruptions  of  single  strati 
scattered  over  the  face  of  our  area,  an<l  forming  its  most  charac< 
terislic  feature,  would  in  time  (as  many  are  already)  be  converted 
into  itcrp  acclivities  covered  with  verdure. 

Such  are  the  principal  causes  to  which  the  inequalities  of  our  snr- 
foce  bave  been  generally  ascribed.  Previous  to  our  deciding  finally 
upon  ifaeir  insufficiency,  it  may  be  proper  to  enumerate  a  few  of  those 
iitequalilies,  where  the  deviation  of  our  present  surface,  from  the 
form  it  probably  had  originally,  is  not  only  striking,  but  where  also 
ibe  concomitant  circumstances  afford  demonstration,  that  some  great 
operation  has  once  taben  place  there. 

Thus,  by  making  ourselves  acquainted  with  effects,  we  shall  be 
better  qualified  to  investigate  causes ;  and  if  those  effects  shall  ap- 
pear to  be  beyond  the  powers  of  such  natural  agents  as  we  are 
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alradj  aoqutinted  wtth»  we  shall  be  justified  in  admitting  Ae  per* 
fbrmiiioe  of  operatioos  to  which  we  have  seen  nothing  simiar;  and 
also  in  admitting  the  former  existence  of  powen  of  fiur  soperior 
energy  to  any  we  have  ever  known  in  action. 

Enwneraiian  of  some  remarkable  Inequalities  in  the  Swrfaee  of 
our  basaltic  Area,  produced  since  the  Consolidation  of  ik 
Strata. 

lliat  we  maj  better  understand  the  facts  I  am  proceding  to  states 
I  shall  assume  (in  the  style  of  the  mathematicians  puiafactwm)  pie- 
Tioas  to  demonstration^  that  the  planes  of  our  uni(brm»  rcctilincd 
strata,  however  interrupted  we  may  now  find  them,  were  once  cob> 
tinuous. 

Upon  this  supposition,  the  valley  of  the  Mayola^  between  thB 
atratified  summits  of  Seafin  and  Slievegalloo,  b  an  excavation  1700 
leet  deep,  and  three  miles  wide^  of  which  the  whole  mateiiab  have 
been  completely  carried  off. 

To  the  nortiivrard  of  this  excavation,  between  Seafio  aad  Can- 
logher,  the  continuous  accumulated  strata  of  iNisalt  are  intermplcd, 
jand  taken  away  quite  down  to  the  schistose  substratum;  while  the 
untouched  summits  of  the  contiguous  mountains,  Camtoghcr,  Sea* 
fin,  and  Monaneeny,  are  still  stratified  basalt. 

On  the  eastern  side  of  our  area,  immediately  to  the  southward  of 
Kello  and  Connor,  a  similar  operatbn  has  been  performed,  attended 
by  still  more  extraordinary  circumstances. 

We  here  find  a  district  near  four  miles  m  diameter,  called  the 
Sandy  Braes ;  over  thb  whole  space  tlie  basaltic  stratificatioii  has 
been  carried  off,  and  the  operation  has  reached  deep  into  a  very  sin* 
gular  substratum;  a  reddish  breccia,  by  some  mineralogists  called  a 
porphyry,  the  mass  friable,  but  the  component  angular  particles  of 
extreme  hardness. 

The  hills,  of  which  this  little  district  is  full,  are  every  one  perfect 
segments  of  spheres,  while  the  loftier  basaltic  hills  that  surround  ft 
preserve  their  characteristic  form,  to  wit,  a  gradual  acclivity  on  one 
side,  with  a  steep  abruption  on  the  other. 

As  we  sail  along  our  uorthem  shore  we  discover  another  great 
chasm  or  interruption  of  our  strata,  which  also  cuts  deep  into  the 
substrata ;  for  on  the  west  side  of  Ballycastle  pier  the  bold  basaltic 
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|M«cipicei  suddeuty  disappear,  and  at  a  lower  level  discloK  Ihe  sub- 
itratutn,  wbich  appears  to  be  an  allenialion  of  sand-atone  and  coal, 
sometimes  will]  biluuiiQous  scliUtus. 

A  mile  or  two  to  the  eastward  tlie  abrupt  precipice  is  retumedt 
and  a  basaltic  slivlu in  again  occupies  itt  siiniiuit  onto  Fairliead,  with 
Ibe  ttmc  angle  of  iuclinatiou  in  wliich  it  was  disposed  along  our 
whole  co&sl,  lba(  is,  a  sliglit  ascent  to  the  norlli. 

Traces  of  similar  operations  and  ubriiplions  are  to  be  found  over 
our  whole  area,  but  ihe  preceding  are  sutficient  to  make  ns  ac* 
i|iuioleil  with  the  style  of  these  interruptions  of  our  strata;  of 
course  it  is  tinie  to  proceed  to  the  su^tpended  demonstration,  that 
oar  strata,  so  interrupted,  were  once  continuous,  notwithstanding 
llie  magnitude  of  the  interval  by  which  the  corresponding  parts  arc 
uoH- separated. 

Proofs  thiit  our  now  interrupted  Strata  v:ere  once  continuous. 

We  must  now  (urn  back  to  the  facades  of  Bengore,  where  tha 
stnla  themselves,  and  all  the  circuniiitances  attending  them,  are  so 
liappily  displayed,  as  to  throw  great  light  on  the  subject,  and  to 
lead  us  analogically,  step  by  step,  to  the  conclusion  we  seek  for. 

Let  us  examine  and  trace  the  summit  of  Ihe  precipice  for  a  mile 
unnwdialely  eastward  from  the  Giant's  Causeway,  and  we  shall  (ind 
a  frei]uent  interruption  and  resumption  of  the  fourth,  fiAh,  and 
sixth  itrata,  at  the  shortest  intervals,  the  interruption  not  always 
reaching  to  the  lowest  of  the  three,  which  in  that  case  remaios  con- 
tinuous :  so  far  simple  inspection  removes  all  doubt,  that  each  of 
these  strata  was  once  continuous  as  tar  as  the  great  depression  to 
the  wcstof  Pleskin. 

Here  indeed  the  interruption  becomes  considerable,  not  less  than 
a  mile  ;  but  when  we  find  at  Porlmoon  a  succession  of  three  strata 
with  Ihe  sanie  inclination,  in  the  same  order,  of  the  same  thickness 
each,  ajid  with  the  same  strong  characteristic  marks  that  dijtin* 
guiihed  the  Ihree  interrupted,  at  the  depression ;  above  all,  when 
we  find  Ihe  strata  they  rest  upon  continuous  (at  least  with  very 
trifling  interruptions)  for  the  same  extent,  1  thiuk  we  cau  scarcely 
eDtcriain  a  doubt  that  this  interval  between  the  corresponding  parts, 
though  so  much  greater  tlian  any  of  the  precediitg,  is,  like  them, 
but  an  interruption,  and  that  these  strata  were  once  conlinuotii  6001 
ibe  depression  lo  Pottmoon. 

roi.j.  V 
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■■iljofalltiieflnta  miht  face  of  Btmpn  |Muiui<ttijt  ftrfccre 
tiM  ftnte  are  to  dirtiBcdy  auked  tet  «e  Iebov  eack  of  tfaoiiikai 
w  nod  it  og^UB  ulcr  wmj  n^totwifiMM* 

In  the  reit  of  the  pigiipkes  nd  ft^ade,  tfw  iioiH»il]f  of  tbe 
ftfiti  diwiiti  Of  of  tbb  idvniite ;  wt  in  tlm  unHer  grteiiuo* 
tioosy  bj  tnoB^  the  icctffiMir  coone  of  the  rtnta,  aod  so  coo- 
Of  iiMg  iBe  jipuuco  poniy  we  €■■  cHflouM  iMii  lOffBer  couuduii j  t 
while  in  the  giutu  vfcTfals  we  Mwt  icst  our  pvoof  €■  iiMlogj 


Tint  we  WKKj  ht  fotilfcd  to  carry  tUi  stjie  of  hidutlioa  hito  the 
iottiiui'  of  oor  hawmic  aica»  aod  to  wpgHij  uie  MOie  icaaonni^  to 
CBdile  Of  to  fmo  a  SBMhar  dcckioo  iipoa  the  aMre  tfopeadow  k- 
tamptioof  of  our  strata,  which  I  InTe  already  inumiHi.d,  ft 
Boevary  to  czplaio  the  geological  romtnicthwi  of  oor 
strata  of  which  it  n  fonKd— their 


Aa  csteasife  liiaestoae  strataan  while  as  chalk,  aad  ahool  tao 
hoadred  §ttt  thick,  teeaw  to  tocbi  uk  hase  of  the  whole  dfatrfat  I 
liaat  Biyirif  to  i  apoa  thi^  accuaMuatiooi  of  recffiaeal  oad  |wiiiW 
haadtk  strata,  are  heaped  ap  to  awet  aaetftal  he^hts. 

ThB  great  cdcareoai  suataai  tecBw  aot  to  be  an  aocanle  |Ma^ 
bat  rather  to  reseinble  a  haaoa,  as  etery  where  at  tfs  per^Mcry  it 
dips  to  the  aiterior  ;  yet  the  phme  of  its  section  has  a  V^  aieent 
to  the  soothward :  a  rccoUcctioB  of  these  drcomstaaccs  wiU  eaMe 
as  to  account  for  e?ery  appearance  this  stratum  eihibiti^  as  it  Inp- 
pens  to  be  disdosed  to  as ;  and  by  the  conrerse,  an  attentioa  to 
these  appearances  will  enable  us  accurately  to  deteradne  the  positioB 
of  the  stratunu 

This  stratnai,  from  Ballycastie  to  Solomon's  Pdreh  (aboat  twcaty- 
fiteniiic»)  keepsferyncarly  the  letel  of  the  sea,  often  indeed  siridag 
below  the  surfbcc,  hat  nerer  raising  its  lower  edge  above  it;  boC 
wben  at  Solomon's  Porch,  the  boaadary  of  oor  basaltic  aick  hegpm 
to  deflect  to  the  south-west,  and  thentwfhesonlh,  theascelof  the 
atratom  to  tbe  tonthward  begins  to  operate,  and  we  petcofe  the 
dotted  line  of  its  qoanies  gradually  to  rise  akn^  the  face  of  the 
monntain  from  tbe  shore  to  Monyneeny  and  Seafin,  where  it  has  a^ 
tained  the  height  of  1900  foet :  it  is  trae,  the  actual  atratom  has  aet 
been  opened  at  these  tw  o  great  elevatiotts  bat  the  while  labhle  in- 
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S»l 


feiediatdy  below  (be  bualtk  fa(«de  proves  incontestably  that  it  it 
dose  at  band. 

An  accum Illation  of  basallic  strata,  had  in  Ihis  Mu(heri)  coarse,  U 
w«ll  at  OD  the  northern  short;,  covered  (he  limesloae  up  to  the  sum- 
mits of  the  hills  or  mouDtains. 

I  have  already  stated  how  the  ridge  of  mountain  is  suddenly  inter- 
rupted by  the  valley  of  the  Mayolu,  from  I6OO  to  17OO  feet  deep, 
but  if  vre  look  to  the  southward,  in  the  rectilineal  course  of  the  strata 
tbe  positions  of  which  we  have  been  able  to  ascertain  with  so  much 
accuracy),  we  shall  6nd  Dear  the  summit  of  the  mountain  Slieve* 
gallon  a  rimilar  white  limestone  straluni  crowned  with  basalt,  cut- 
ling  it  in  the  very  direction  the  former  ought  to  have  reached  it, 
that  bperhapn  two  hundred  feet  higher,  tlie  accent  of  the  strata  lo 
the  soulhirard  having  elevated  their  planes  so  much  in  a  distance  of 
feur  miles,  the  probable  interval  between  the  aummils  of  there 
mountains. 

We  are  uow  to  decide  whether  this  calcareous  ami  basaltic  fiag- 
tnent,  on  the  summit  of  Slievegellon  mountain,  be  the  last  remnant 
of  Ibc  old  arrangement  we  have  been  tracing,  and  ascertaining  with 
ao  much  precision,  for  seventeen  or  eighteen  miles  from  the  sea,  and 
twenty-five  miles  along  the  coa^t,  but  now  interrupted  by  the  valley 
of  tbe  Hayola,  like  our  former  more  diminutive  interruptions,  and 
abo  Hke  them  resumed  at  tbe  next  elevation,  io  the  same  rectilineal 
courte,  the  strata  preserving  the  same  order,  and  the  same  charac* 
teristic  maik^.  Or  whether  the  strata,  appearing  on  the  sumniil  of 
Slievegallon,  be  the  commencement  of  a  new  arraDeemenl,  aban- 
doned by  nature  as  soon  as  begun :  which  is  highly  improbable^  for 
iteither  limestone  nor  basalt  are  to  be  found  on  ibe  mountain  except 
in  this  solitary  hummock. 

We  might,  by  a  minute  attention  lo  the  inclinations  and  arrange* 
meots  of  the  strata  contiguous  to  tbe  other  interruptions  I  have 


merated,  prove  ii 
Die  aummits  of  the  i 
the  remtiants  of  strata  a 
rupted  and  carried  off,  a: 
fnl  agent. 

The  more  diminutive  inequalities  scattered  over  tbe  whole  sur- 

£ice  of  our  area,  and  always  produced  by  interruptions  of  Ibe  slrala, 

V  a 


ner  that  tbe  basaltic  masses  crowning 

iig  hills  and  mountains,  are  merely 

extensive  and  continuous,  but  inter- 

the  preceding  case,  bythe  same  power- 
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wouM  itill  more  easily  admit  tlie  application  of  tlie  same  reasooiag:, 
from  the  contiguity  of  their  abrupted  parts ;  but  the  detail  would 
f be  tedious ;  those  who  wish  to  pursue  the  subject  farther  must 
come  to  the  scene  themselves. 

Materials  completely  carried  off. 

A  circuoMtance  perhaps  still  more  extraordinary,  is  the  complete 
remond  of  all  the  materials  that  once  filled  up  the  intervals  between 
the  abrupted  parts  of  these  strata ;  I  have  stated  in  my  9th  fiiet, 

-  that  the  materials  that  had  fonnerly  composed  the  projecting  parts 
of  our  northern  fiifades  and  precipices  had  totally  disappeared. 

The  removed  parts  of  the  limestone  stratum  on  the  west  side  of 
our  area  have  shared  the  same  fate,  for  where  the  chain  of  moun- 
tains extending  from  Magilligan  Rock  to  Bienbraddock,  is  iotemqited 
;  by  vallies  at  Stradreagb,  Dnimrommer,  and  Ballynessj  it  is  obfkMis 
that  the  limestone  stratum  was  once  continuous  to  the  hfgb  points 

-  where  it  shows  itself  on  Keady,  and  the  mountains  on  each  side :  its 
thickness  tooj  wherever  we  can  try  it,  is  very  great ;  yet  this  stiatnro, 
which  in  its  entire  state  must  have  spread  like  a  roof  (ar  above  the 
present  surface  of  these  valleys  (which  are  now  sunk  deep  into  the 
schistose  substratum)  has  not  left  a  particle  of  its  i^nu  befaiod,  nor 
is  a  single  lump  of  white  limestone  to  be  found  until  we  come  to 
the  quarries,  that  is^  to  the  edge  of  the  solid,  untouched  stratom. 

Conclusiom^ 

Hie  conclusions  that  unavoidably  follow,  from  the  cooadcratien 
of  these  facts,  are> 

That  the  bills  and  mountains,  in  the  district  that  I  have  been  de- 
scribiiigy  were  not  raised  up  or  formed  as  they  now  standi  but  tbst 
(hey  are  the  undisturbed  remains  of  strata  that  were  left  behind, 
when  stupendous  operations  carried  away  the  parts  that  were  once 
contiguous  to  them. 

That  the  inequalities  of  this  surface  were  all  produced  by  causes 
acting  from  above,  and  carrying  off  whatever  they  touched^  without 
in  the  least  disturbing  what  was  left  behind. 


Addilional  Evidences.  Basaltic  Hummocks.'* 
The  argumcntB  on  wliicli  I  liave  founded  my  opinions  baw- 
bitliFrtO  Weil  all  lakea  from  the  liollows  in  our  surrace,  and  th* 
iBtemipliau't  in  our  strain,  both  wLicli  Ihe  concomitant  circun^ 
■(anccs  have  led  nw  to  consider  ss  so  many  excavations;  but  the' 
iofly  elevations,  and  the  abrupt  prominencies  rising  suddenly  Irom-, 
oar  surface,  wlieu  minutely  examined,  lead  us  irresistibly  (o  the  very 

Wben  you  and  [  examined  together  the  line  of  our  oorllieni' 
facades,  kc  sliiillou^ly  sought  for  the  points  where  nature  liad  mada. 
•oy  djaHgc  in  licr  materials  or  their  nrrangeroenl,  hoping  that  at  tiie 
juiictHHu  of  these  little  syslems,  we  should  tind  some  facts  that  woul(l> 
llirow  light  on  the  subject ;  but  we  generally  failed ;  wont  of  per< 
pendicubrily,  or  other  local  circuuislmices,  impeding  us  at  the  most 
mleretting  points. 

On  the  prMent  occasion  iJie  has  adopted  on  opposite  line  of  con> 
duct,  and  in  u:iny  of  the  steps  she  has  taken,  obtrudes  upon  u» 
demonslnibn  of  what  she  has  done. 

Whoever  lias  atleudcii  to  the  exertions  of  man,  when  employed  in 
allering  our  pteseiit  Butface,  cither  by  levelling  heights,  or  by  making 
excavations,  uiusl  have  observed  that  it  is  the  practice  of  the  work' 
men  to  leave  small,  cylindrical  portions  elandini;,  lor  the  purpose  of, 
delcrminin*  the  height  of  the  old  lurface,  and  thereby  ascertaining 
the  qunlity  of  .n.atcrials  removed. 

To  these  may  be  compared  the  stratified  basaltic  hummocks  so 
l>rofiuelv  scattered  over  our  area,  and  which  seem  to  shew  how  high 
our  quondam  surface  once  reached. 

The  hummock  of  DunmuU,  three  miles  south-east  from  Portrush,  - 
is  very  beautiful,  it  stands  on  the  top  of  a,  high  ridge,  and  is  a  cou>  : 
spicuous  object  from  all  parts  of  the  country ;  it  is  exaclly  circular, 
its  flat  surface  contains  an  acre,  it  is  completely  surrounded  by  a 
perpendicular  facade  about  twenty-five  feet  high,  and  formed  I 
*  by  (wo  strata,  a  columnar,  ami  an  irregular  prismatic,  restiog  4 
upon  it. 

From  this  elevated  station,  where  I  bad  the  pleasure  of  accom- 


*  NailgBlon    UK  Uic   «'ord  htimmvck  (a  ciprei 
pMaati,  ■ppearlnc  at  a  diilaace  t  1  ""lopt  the  Icro  tn»  ibem. 
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pftoymg  youy  I  shewed  you  at  six  or  se?en  miles  dtstaoce  to  the 
westward,  amoog  the  Derrj  moimtaiiiSi  the  still  loftier  hmniiiocks  of 
Altabriaa  and  Sconce,  hemispherical  in  form,  composed  of  but  one 
stratum  each,  while  their  swelliog-out  bases  displayed  accumulatioes 
of  many  ■K>re:  and  also  near  those  the  hummock  of  Fermayle^ 
resembling  DunmuU,  but  much  larger^  and  also  surrounded  by  a 
£i9ade  Composed  of  two  strata, 

I  shewed  you  also  at  twenty  miles  distance  to  the  south  east,  the 
gigantic  Slemish,  one  of  our  basaltic  hummocks,  magnified  (as  it 
were)  into  a  lofty  and  inslilated  mountain,  completely  stratified  fimn 
its  iMse  to  its  flat  sommit. 

I  Ihewcd  yon  likewise  from  the  bottom  of  its  ridge,  the  neat  bat 
dirainutive  hummock,  called  the  Rock  of  Clogher,  above  ButhmWi 
As  our  time  was  pvecions,  you  took  my  woid  for  its  stratificatian 
being  precisely  similar  to  that  of  DunmuU. 

There  are  many  other  basaltic  hummocks  scattered  ofer  the  snr* 
face  of  our  area«  aU  of  them  either  stratified  or  portiona  of  strata ; 
two  of  the  moat  remarkable  are  the  hill  of  Knock  Looghran^  near 
Maghera,  and  a  tall  hummock  (whose  name  I  forget)  a  mBe  east- 
ward from  Lisamore* 

We  meet  still  more  firequently  an  imperfect  style  of  bnmmock»  a 
semi-circular  fii9ade  on  one  side,  while  on  the  other  it  slopes  away 
gradually  with  the  dip  of  the  strata,  as  if  the  operation  had  been 
interrupted  before  it  was  carried  quite  round ;  the  moat  renmikable 
of  these  are  Baliystrone,  in  Derry,  and  Croaghmore,  in  Antrim^  both 
▼isibk  from  DonmulL 

Regular  stratifications  on  the  summits  of  hills  and  mountans, 
have  been  long  a  stumbling  block  to  theorists ;  the  historiau  of  the 
French  Academy,  for  the  year  \7l6,  obviously  ascribing  the  anper- 
ficial  inequalities  of  the  earth»  (like  many  others)  to  causes  acting 
firom  below,  and  perceiving  how  incompatible  such  aasembl^fes  of 
strata  were  to  his  theory,  thinks  it  safer  to  doubt  their  esdsleace,  as 
they  could  not  have  been  formed,  he  says  "  unless  the  masses  of  the 
mountains  were  elevated  in  the  direction  of  an  axis  perpendicular  to 
the  horizon :  ce  que  rCapu  eire  que  tret  rareJ' 

But  as  these  stratified  mounts  are  in  our  area  by  no  means  uncom- 
mon, they  lay  us  under  the  necessity  of  suggesting  another  alteina- 
tive  similar  to  those  we  have  already  stated. 

Were  these  isolated  hummocks  originally  formed  as  tbcj  now 
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itand,  (solirar^  ami  separate  from  each  other)  one  bj  one  ;  or,  are 
Ihey  Ihc  last  remaining  portions  of  a  vast  coDsolidated  mass,  of 
wliicL  Hie  intermediate  and  connecting  strata  Uave  been  carried  off 
bj  causes  wMli  whicli  wa  are  unacquainted  i 

To  be  able  satii facto rily  lo  resolve  lliis  alternative,  it  become! 
oecessBry  to  take  a  careful  view  of  the  contiguous  countries,  and  to    i 
Uy  ufiether  their  construction,  and  the  arnuigement  of  their  strata, 
will  throw  an}  light  upon  the  subject. 

Wbeo  we  examine  the  assemblage  of  Luramocks  above  Kaodf 
luull,  ikal  is,  Sconce,  Fermojle,  and  Altabrian,  we  find  their  niat^ 
rials  and  slnitifjcalion  precisely  similar  to  that  of  tlie  country  below 
them  to  the  eastward,  where  the  abruplions  of  (he  strata  are  displayed 
iaiaogttony  ridges; — In  the  south,  the  abruptions  on  Itie  summit  c^  , 
Keady  mountain  discover  the  same  similarity :  aud  to  tlie  tiortb-weit 
llie  grand  fafadc  of  Magilligan  Rock,  three  miles  distant,  displays  an 
accumulation  of  exactly  ihesume  sort  of  strata  consolidated  into  au 
enormous  mass. 

The  hummock  of  Dunmull  is  formed  of  two  very  particular 
strata,  a  columnar,  and  an  irregular  prismatic;  but  I  shewed  you, 
a  mile  to  the  northward,  at  the  facades  and  quarries  of  Islamore  and 
Draigahutlcr,  at  the  base  of  the  hill,  that  the  whole  ridge,  on  the 
lummit  of  which  Dunmull  is  placed,  was  a  consolidated  mast, 
formed  by  alternate  strata  of  the  same  description ;  and  thai  the 
arrangement  of  the  whole  country  below,  and  adjacent,  was  pre> 
ciscly  the  same  with  that  of  the  hummock  of  Clogher,  1  proved  to 
you  at  the  curious  opening  of  llie  strata  at  Bushmills  Biidge,  and  ia 
the  fafades  at  the  Giant's  Causeway- 
After  these  proofs  that  so  many  (and  I  might  proceed  to  the  rest) 
of  oui  detached  hunitiiocks  are  in  their  coustniction  and  materials, 
ciiuilar  to,  ood  connected  with,  the  main  consolidated  masses  of 
which  ourcountry  is  formed,  I  think  it  will  scarcely  be  asserted  that 
these  hummocks  were  originally  formed,  solitary  and  separate  as 
Ihey  now  stand :  but  rather  that  they  were  once  parts  of  that  vast 
whole,  and  left  behind  in  their  preseut  form,  upon  the  removal  of 
the  caoliguous  porlioos  of  their  strata,  by  some  powerful  agent,  of 
wboM  operations  and  mode*  of  acting,  we  have  hitherto  obtained 
litUc  knowledge 

The  highest  point  on  the  (afade  of  Cave  Hill  is  called  M'Att't 

tars  to  be  a  solitary  fragment  of  a  stratum  pie-  j 
C  * 
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dsely  simflar  to  those  below  It,  and  obviously  once  extended  Uke 
tbeni. 

The  irregularity  of  the  summit  of  Fairhead,  plainly  shews  that  its 
gigantic  columns  once  reached  higher. 

And  in  the  facade  of  Magilligany  the  highest  of  all»  a  lew  desul- 
tory patches  of  an  upper  stratum  (no  doubt  once  perfect  and  con- 
tinuous) are  to  ht  traced  along  its  summit. 

Our  mountains  themselves  seem  to  shew  clearly  that  they  were 
once  higher ;  the  top  of  MagilKgan  mountam  is  an  extensive  plain, 
over  which  a  wandering  stratum  is  interrupted  and  resumed  at 
mtervals  for  a  great  way. 

At  the  highest  part  of  Donald's  H3\,  oveir  the  valley  of  Glenuller, 
we  find  a  hummock ;  also  at  the  termination  of  the  ridge^  at  Hs 
highest  part  over  the  valley  of  Mayola»  similar  hummocks. 
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CHAP.  V. 

OEOORAPEYy  OR  THE  DOCTRINE  OF  THE  GENERAL  FACE  OF 

THE  EARTH. 


J  N  the  sense  in  which  we  have  already  stated  it  is  our  intention  to 
use  the  term  Geology^  Geography  holds  the  same  relation  to  it  as 
Geognosy ;  the  former  constituting  that  department  of  Geology 
which  contemplates  the  actual  surface  of  the  Earth,  as  the  latter  con- 
stitutes that  department  which  describes  its  apparent  origin  and 
chemical  structure.  We  shall  briefly  contemplate  the  science  under 
the  two  sections  of  its  history  and  its  principles. 

Sect.  I. — Hisiory  of  Geography. 

The  study  of  geography  being  of  so  much  practical  importance 
in  life,  must  have  commenced  in  the  early  ages  of  the  word.  It  was 
regarded  as  a  science  by  the  Babylonians  and  Egyptians,  from  whom 
it  passed  to  the  Greeks,  and  from  these  to  the  Romans,  the  ArabiaDS, 
and  the  western  nations  of  Europe.    Thales  of  Miletus,  in  the  6th 
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(Wtilur^  before  Christ,  first  made  observations  on  tiie  apparent  pro- 
grrM  of  Uie  911ft  from  tropic  to  tropic  ;  and  is  said  to  hare  written 
(wo  Imtises,  the  one  on  the  tropic,  and  the  oilier  on  the  eiginnox, 
whence  he  was  led  to  Ihc  discovery  of  the  four  seasons,  which  are 
delerraiiied  by  the  eijiiinoxes  and  solstices.  We  are  assured  IhU 
knowledge  was  ubiuined  by  means  of  the  gnomon.  Thales,  it  it 
also  said,  constructed  a  globe,  and  represented  the  land  aod  set 
vpon  a  table  of  brass. 

Metou  and  Euctemon  observed  the  summer  solstice  at  Athens^  on 
Ihe  37th  of  June,  432  years  before  Christ,  by  watching  narrowly  the 
■liadow  of  the  gnomon,  with  the  design  of  fixing  the  beginning  of' 
tlicir  cycle  nf  ig  years. 

Timocliaris  and  Anstillus,  who  began  their  observations  about 
3^  B.C.,  first  attempted  to  fix  the  latitudes  and  longitudes  of  Ihe 
fixed  stars,  bv  considering  their  distances  from  the  equator.  Sec. 
One  of  their  observaiions  gave  rise  to  the  discovery  of  the  prcces- 
tbn  of  Ihe  equinoxes,  which  was  first  remarked  by  HIpparchus 
about  1 50  years  after;  who  also  made  use  oflhcir  method  for  deli. 
Denting  the  parallels  of  latitude  and  Ihe  meridians,  on  ihe  surface  of 
the  nrlh ;  thus  laying  the  foundation  of  this  science  as  it  now 
appears. 

The  latitudes  and  I ongiludcj,  thus  introduced  by  Ilipparchus,were 
not  however  much  attended  to  till  Ptolemy's  time,  Strabo,  Vilruvius, 
and  Pliny,  have  all  of  them  entered  inio  a  minute  geographical  de- 
scription of  Ihe  situation  of  places,  according  to  the  length  of  lbs 
sliadows  of  the  gnomon,  without  noticing  the  longitudes  and 
latitudes. 

Maps  al  first  were  little  more  ihan  rude  outlines,  and  topographi- 
cal sketches  of  different  countries.  The  earliest  on  record  were 
those  of  Sesostri*,  mentioned  by  Eustathius,  who  says,  that  "  this 
Egyptian  king,  having  traversed  great  part  of  the  earth,  recorded 
his  inarch  in  maps,  and  gave  copies  of  them  not  only  to  the  Eg^p- 
tiaits,  but  to  the  Scythians,  lo  their  great  astonishment."  Some  hare 
imagined,  with  much  probability,  that  the  Jews  made  a  map  of  the 
Holy  Land  when  ihey  gave  the  different  portions  to  the  nine  tribe* . 
at  Shiloh  ;  for  Joshua  tells  us  that  they  were  sent  to  walk  through 
Ihe  Uad,  and  that  they  described  it  in  seven  parts  in  a  book  1  and 
Josepbus  relates  tbat  when  Joshua  sent  out  people  from  the  dir^ 
^ereat  tiibea  (o  ukuuic  the  Und,  be  gave  Ibcm  u  coiupeuioM 
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penoQS  well  »luUed  in  geometry,  who  could  not  be  mUtiken  io  the 
Initik 

The  fint  Grecian  map  on  record  vraa  that  of  Aoaximaiideri  men* 
tiooed  by  Strabo.  supposed  to  be  that  referred  to  by  Hipparchns 
imder  the  designation  of  the  ancient  map.  Herodotus  minutely 
describes  a  map  made  by  Aristagoras,  tyrant  of  Miletus^  which  will 
aenre  to  give  some  idea  of  the  maps  of  those  times.  He  relates, 
that  Aristagoras  shewed  it  to  Cleomenes,  king  of  Sparta,  to  induce 
him  to  attack  the  king  of  Persia  at  Sun,  in  order  to  restore  the 
looians  to  their  ivident  liberty.  It  was  traced  upon  brass  or  copper, 
and  seems  to  have  been  a  mere  itinerary,  containing  the  route 
through  the  intermediate  countries  which  were  to  bf  traversed  in 
that  march^  with  the  rivers  Halys»  the  Euphrates,  and  Tigris,  which 
Herodotus  mentions  as  necessary  to  be  crossed  in  that  expeditioo. 
It  contained  one  straight  line  called  the  royal  road,  or  highway, 
which  took  in  all  the  stations  or  places  of  encampment  from  Sardis 
to  Susa;  being  111  in  the  whole  journey^  and  containing  IS»60D 
itadia,  or  1687|  Soman  miles  of  5000  feet  eadu 

Eratosthenes  first  attempted  to  reduce  geography  to  a  regular 
^stem,  and  introduced  a  regular  parallel  of  latitude^  wUdi  brgan 
mt  the  Streights  of  Gibraltar,  passed  eastwards  through  the  isle  of 
Rhodes,  and  so  on  to  the  mountains  of  India,  noting  all  tbe  inter<* 
mediate  places  through  which  it  passed.  In  drawing  this  line,  he 
was  not  regulated  by  the  same  latitude,  but  by  observing  wbeie  the 
longest  day  was  14  hours  and  a  half,  which  Hipparchus  afterwards 
determined  was  the  latitude  of  36  degrees. 

This  fint  parallel  through  Rhodes  was  ever  after  considered  mUk 
H  degree  of  preference,  in  constructing  all  the  ancient  maps;  and  the 
longitude  of  tbe  then  known  world  was  ofteu  attempted  to  be  mcar 
aured  in  stadia  and  miles,  according  to  the  extent  of  thai  lin^  by 
many  succeeding  geographers. 

Eiatosthenes  soon  after  attempted  not  only  to  draw  otber  paral- 
leb  of  latitude,  but  also  to  trace  a  meridian  at  right  angles  t^  these» 
passing  through  Rhodes  and  Alexandria  down  to  Syene  and  Meroe  5 
and  at  length  he  undertook  the  arduous  task  of  determining  the  cir- 
cumference of  the  globe,  by  an  actual  measurement  of  a  aegOKatof 
one  of  its  great  circles.  To  fiud  the  magnitude  of  the  earth  ii 
indeed  a  problem  which  has  engaged  the  attention  of  astronomcfa 
Md  geogiapbets  ever  since  the  spherical  figure  of  it  waa  knowa... 
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It  Mcnts  ADaximaiiiler  was  the  lint  among  llie  Greeks  who  wrote 
upon  Ifais  lubicct.  Archjia!  of  Turenlum,  a  PytbagoreaQ,  latnous 
for  his  *kiU  id  matlienuitics  and  mechaoica,  also  msde  some  attempts 
in  this  vraj ;  and  Dr.  Long  conjectures  that  ibesc  are  the  aullior*  of 
the  most  aacient  opinion  that  the  ciTCiimrcreuce  of  ibe  earlb  ii 
400,000  stadia ;  and  Architneiles  makes  mention  of  the  aocieots  who 
eslinuted  (be  circumference  of  the  earth  at  only  30,000  stadia. 

As  to  the  metliods  of  measurbig  the  circumference  of  tbe  earlb, 
it  would  seem,  from  what  Ariitolle  says  in  bis  treatise  de  Ctelo, 
that  they  were  much  tbe  same  as  those  used  b)f  the  niodenu,  defi- 
cient only  iu  the  accuracy  of  tbe  iiistruinents.  That  pbilosopbet 
there  sayi,  that  different  stars  pass  tiiraugb  our  zenitli,  according  u 
our  situation  is  more  or  lets  northerly;  and  that  in  tbe  southern 
parts  of  the  earth  stars  come  above  our  horizon,  which  are  uo  longer 
visible  if  we  go  northward.  Hence  it  appears  that  there  are  two 
ways  of  measuring  Ibe  circumference  of  the  earth ;  one  by  observing 
stars  which  pass  ihrougli  the  zenith  of  one  place,  and  do  uot  paia 
through  that  of  another  :  ibe  other,  by  observing  some  stars  which 
come  above  tbe  horizon  of  one  place,  and  are  observed  at  tbe  same 
time  to  be  in  the  horizon  of  another.  The  former  of  these  method^ 
wbicb  if  tbe  besi,  was  followed  by  Eratosthenes  at  Alexandria  in 
Egypt,  2S0  years  before  Christ.  He  knew  that  at  the  summer  sol> 
Uioct  tbe  sun  was  vertical  to  tbe  inhabilanis  of  Sycne,  a  town  on  the 
confines  of  Ethiopia,  under  the  tropic  of  Cancer,  where  they  bad  a 
well  made  to  observe  it,  at  tbe  bottom  of  which  the  rays  of  (he  sun 
fell  perpend icuUrly  the  day  of  the  summer  solstice :  be  observed  by 
ihc  shadow  of  a  wire  set  perpendicularly  in  an  heniisplierical  bason, 
how  far  tbe  sun  was  on  thai  day  at  noon  distant  from  tbe  zeoitii  of 
Atexaodha;  when  he  found  that  distance  was  equal  to  tbe  50th 
part  of  »  gnu  circle  iu  the  heavens.  Then  suf^sing  Syeoe  and 
Alexandria  under  tbe  same  meridian,  he  inferred  that  the  datance 
between  them  was  tbe  50tb  part  of  a  great  circle  upon  the  earth  ; 
and  this  distance  beuig  by  uieasiue  .SOUO  stadia,  be  concluded  that 
the  whole  circumference  of  the  earth  was  350,000  stadia.  But  a* 
Ihi*  number  divided  by  3€0  would  give  6£Mt  stadia  to  a  degree. 
(itbcT  Eratoslbeues  himself,  or  some  of  his  followers,  assigned  the 
rouad  number  700  stadia  to  a  degree,  which  multiplied  by  S6o, 
Bukea  the  circumference  of  the  earth  332,000  stadia;  whence 
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both  these  measures  mre  given  by  different  authors  as  that  of 
Eratosthenes. 

In  the  time  of  Pompey  the  Great>  Posidonius  determined  the 
measure  of  the  circumference  of  the  earth  by  the  2d  method  above 
hinted  by  Aristotie,  vix.  the  horizontal  observations.  Knowing  that 
the  star  called  Canopus  was  but  just  visible  in  the  horizon  of  Rhodes^ 
and  at  Alexandria  finding  its  meridian  height  was  the  48th  part  of 
a  great  circle  in  the  heavens,  or  7^  degrees,  answering  to  the  like 
quantity  of  a  circle  on  the  earth;  then  supposing  these  two  placet 
under  the  same  meridian^  and  the  distance  between  them  5000  stadia, 
the  circumference  of  the  earth  will  be  1340,000  stadia ;  which  is  the 
first  measure  of  Posidonius.  But  according  to  Strabo,  Posidonius 
made  the  measure  of  the  earth  to  be  1 80,000  stadia,  at  the  rate  of 
500  stadia  to  a  degree.  The  reason  of  this  difference  is  thought  to 
be,  that  Eratosthenes  measured  the  dbtance  between  Rhodes  aad 
Alexandria,  and  found  it  only  3750  istadia ;  taking  this  for  a  48th 
part  of  the  earth's  circumference^  which  is  the  measure  of  Posido* 
nius^  the  whole  circumference  will  be  180,000  stadia.  This  measure 
was  received  by  Marinus  of  Tyre,  and  is  usually  ascribed  to  Ptoleny. 
But  this  measurement  is  subject  to  great  uncertainty,  both  on  accoont 
of  the  great  refraction  of  the  stars  near  the  horizon,  the  difficoky 
of  measuring  the  distance  at  sea  between  Rhodes  and  Alexandria, 
and  by  supposing  those  places  under  the  same  meridian,  when  they 
are  really  very  different. 

Several  geographers  afterwards  made  use  of  the  different  heights 
of  the  pole  in  distant  places  under  the  same  meridian,  to  find  the 
dimensions  of  the  earth.  About  the  year  800  the  khalif  Almemun 
had  the  distance  measured  between  two  places  that  were  two  degrees 
asunder,  and  under  the  same  meridian^  in  the  plains  of  Sinjar  on  the 
Red  Sea ;  and  the  result  was,  that  the  degree  at  one  time  was  found 
equal  to  56  miles,  and  at  another  56\  or  56\  miles. 

The  next  attempt  to  find  out  the  circumference  of  the  earth  was 
in  1525,  by  Femelius,  a  learned  philosopher  of  France.  For  this 
purpose  he  took  the  height  of  the  pole  at  Paris,  gomg  thence  directly 
northwards,  till  he  came  to  the  place  where  the  height  of  the  pole 
was  one  degree  more  than  at  that  city.  The  length  of  the  way  was 
measured  by  the  number  of  revolutions  made  by  one  of  the  wheels 
of  his  carriage;  and  after  proper  allowances  for  the  declivities  and 
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luraings  of  the  road,  he  coocluJetl  that  68  Italian  miles  were  equal 
to  a  degree  of  the  earth. 

According  to  tliese  inelhoiiii  many  olhet  meaauremenis  of  the 
canb'i  circumference  have  since  that  lioie  been  made,  with  much 
greater  accuracy. 

Though  the  maps  of  Eialostliencs  were  the  best  of  his  time,  they 
were  jel  very  imperfect  and  inaccurate.  Tlicy  contained  Mtlle  mora  , 
than  the  states  of  Greece,  and  the  domiuions  of  the  successors  of  j 
Alexander,  digested  according  to  the  surveys  above-mentioued*  A 
lie  had  indeed  seen,  and  has  quoted,  tlie  voyages  of  Pythias  into  tbe  ( 
great  Atlantic  ocean,  whicli  gave  him  some  faint  ideas  of  the  wesletjt  1 
parts  nf  Europe  ;  but  so  imjierfect,  that  they  could  not  be  realizi 
into  the  outlines  of  a  chart.  Slrabo  sajs  he  was  very  ignorant  of  1 
Gaul,  Spain,  Germany,  and  Britxiu  ;  and  he  was  etiiially  iguorant  of  1 
Italy,  the  coast  of  the  Adriatic,  Potitus,  and  all  the  countries  towardt  j 
the  north. 

Such  was  the  state  of  geography,  and  the  nature  of  the  mapt, 
before  Ihe  time  of  Hipparchui.     He  made  a  closer  connectioa    ' 
between  geography  and  astronomy,  by  determining  the  latitudes  ai 
longitudes  from  celestial  obsetvatious. 

War  has  usually  been  the  occasion  of  making  or  improving  tbe  I 
maps  of  countries ;  ami  accordingly  geography  made  great  advance!  [ 
from  the  progress  of  the  Roman  arm;.     In  all  the  provinces  occii>  I 
pied  by  that  people,  camps  were  every  where  coiistrucled  at  prnpet 
Intervals,  and  good  roads  made  for  coramunicaliun  between  them; 
and  thus  civilization  and  survejing  were  carried  on  according  to  ] 
kyUem  ihrough  the  whole  extent  of  that  large  empire.     Every  new   I 
wu  produced  a  new  survey  and  itinerary  of  the  countries  where  tbs  j 
scertci  of  action  passed ;  so  that  the  materials  of  geography  wers  J 
accumulated  by  every  additional  conquest.     Polybius  says,  that  tt  \ 
the  beginning  of  the  second  Punic  war,  when  Hannibal  was  pre* 
paring  liis  expedition  against  Rome,  the  countries  through  which  he 
wai  to  pus  were  carefully  measured  by  tbc  Romaus.     And  JuliiH 
Cmsar  caused  a  general  survey  of  tlie  Roman  empire  to  be  made,  bj    , 
.  ■  decree  of  the  aenale.    Three  surveyors  had  ibis  task  assigned  tbi 
wtiicb  lliey  cotnpleted  b  twenty-five  years.     The  Roman  itineraries  ' 
that  are  itill  extant,  alu)  shew  what  care  and  pains  they  had  bees  it 
in  Bwking  surtcys  in  all  the  different  provinces  of  their  empire,  and 
Pliny  has  filled  the  3d,  4lh,  and  S\h  books  of  bis  Natural  Hiiloi; 
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with  tbe  geogrtphiod  cUstances  that  were  thw  memired.  Other 
mapf  are  also  still  preserved,  koown  by  the  name  of  the  Pentigeriaa 
Jintbles,  published  by  Welser  and  Bertius,  which  gire  a  good  spe- 
dmen  ofif^hatVegetiiiscalh  the  tttiianapccta,  for  the  better  dir^^ 
of  their  armies  in  their  march. 

The  Roman  empire  had  been  enlarged  to  its  prratesC  extent,  and 
all  its  provinces  well  known  and  sonreyed»  when  Ptolemy^  about  1  JO 
years  after  Chnst^  composed  his  system  of  geograpliy.  The  chief 
naterials  he  employ^  in  componng  this  work,  were  the  proportioas 
of  the  gnomon  to  its  shadow,  taken  by  difierent  astronomers  at  the 
times  of  the  equinoxes  and  solstices ;  calculations  founded  ou  the 
length  of  the  longest  days ;  the  measured  or  computed  distances  of 
the  principal  roads  contained  in  their  surveys  and  itineraries ;  and 
the  various  reports  of  travellers  and  navigators.  All  these  were 
compared  together,  and  digested  mto  one  uniform  body  or  S3fsfem ; 
Imd  afterwards  were  translated  by  him  hito  a  new  mathematical  lan« 
guage,  expressing  the  diilerent  degrees  of  latitude  and  longitude, 
after  the  invention  of  Hipparchus,  which  had  been  n^ected  for 
S50  years. 

Ptolemy's  system  of  geography,  notwlthstandmg  it  was  stfll  very 
hnperfoct,  continued  in  vogue  till  the  last  three  or  four  centuries, 
withm  which  time  the  great  improvements  in  astronoBBy,  the  many 
discoveries  of  new  countries  by  voyagers,  and  the  progreas  of  war 
and  arms,  have  contributed  to  bring  it  to  a  very  considerable  degree 
of  perfection* 

Sect.  Ih-^Principles  of  Geography. 

The  fundamental  principles  of  geography  are,  the  spherical  figure 
of  the  earth,  its  rotation  on  its  axis,  its  revolution  round  tbeeun,  aad 
the  position  of  the  axb  or  line  round  wliicfa  it  revolves  with  regvd 
to  the  celestial  luminaries.  That  the  earth  and  sea  taken  together 
constitute  one  vast  sphere,  is  demonstrable  by  tbe  following  aiga- 
ments :  1.  To  people  at  sea  the  land  disappears,  though  near  enoagh 
to  be  visible  were  it  not  for  the  intervening  convexity  of  the  watcr<» 
2.  The  higher  tbe  eye  is  placed,  the  more  extensive  is  the  prospect ; 
whence  it  is  common  for  sailors  to  climb  up  to  the  tops  of  the  nnsts 
to  discover  land  or  ships  at  a  distance.  But  this  would  give  them 
no  advantage,  were  it  not  forlhe  convexity  of  the  earth ;  for  npN»i  an 
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infiaitrly  eKt«n<lpd  plane  objects  would  b«  vUible  at  (be  same  du* 
Odcc  nlietlier  tlie  eye  na«  high  or  low,  nor  would  an>  of  them  vb> 
nisb  (ill  tbe  angle  under  which  they  appeared  became  loo  small  (a 
be  perceived.     3 ,  To  people  on  shore  ihe  mast  of  a  ship  at  sea  ap"    , 
pears  before  the  hull ;  but  were  the  earth  an  infinite  plane,  not  th«r 
highest  objects,  but  the  largest,  would  be  longest  visible ;  and  the 
tozit  of  a  ship  would  disappear,  by  the  smallness  of  Its  angle,  long 
before  the  hull  did  so.     i.  The  convexity  of  any  piece  of  still  wa. 
ter  of  a  mile  or  two  in  extent  may  be  perceived  by  the  eye.     A  little    I 
boat,  for  instance,  may  be  perceived  by  a  man  who  is  aav  height  I 
above  (he  water ;  but  if  he  stoops  down  or  lays  his  eye  oear  tbfe  ( 
surlace,  he  will  find  llial  the  fluid  apjiears  to  rise  and  intercept  Ibk  J 
view  of  the  boat  entirely.     9 .  The  earth  has  been  often  sailed  roantt, 
*»  by  Magellan,  Drake,  Dampier,  Aason,  Cook,  and  many  other    | 
navigators,  which  demonstrates  that  the  surface  of  the  ocean  is  spli^    i 
rical ;  and  (hat  the  land  is  very  little  different,  may  easily  be  proved   \ 
from  the  small  elevation  of  any  part  of  it  above  the  surface  of  tbt    i 
water,    Tbe  mouths  of  rivers  which  run  1000  miles  are  not  mortr  J 
than  one  mile  below  their  sources,  and  the  highest  mouatains  a 
not  quite  four  miles  of  perpendicular  height ;  so  that,  though  somr  I 
parts  of  (he  laud  are  elevated  into  hills,  and  others  depressed  into  I 
valleys,  Ihe  whole  may  still  be  accounted  spherical.     6.  An  unde'  J 
niable,  and  iudced  ocuUr,  demonsf ration  of  the  spherical  figure  at  1 

'    the  earth  is  taken  from  the  round  figure  of  its  shadow  which  falta    i 
u|ton  the  moon  in  time  of  eclipses.     As  various  sides  of  the  earth  an  I 
turned  towards  the  sun  during  the  time  of  different  phenomena  of  I 
ihu  hind,  and  the  shadow  in  ail  cases  appears  circular,  it  is  impot< 
lible  to  suppose  the  figure  of  the  earth  to  be  any  other  than  spheri-  J 
ral.    The  inequalities  of  its  surface  have  no  effect  upon  tbe  earth's  I 
shadow  on  the  moon ;  for  as  the  diameter  of  the  teiraqueous  glohe 
is  very  liltle  less  than  8000  miles,  and  the  height  of  the  highest 
mountains  on  earth  not  quite  four,  we  cannot  account  the  latter  any 
more  than  the  2000lh  part  of  the  former,  so  that  the  mountains 
bear  no  more  proportion  to  tbe  bulk  of  the  earth,  than  grains  of 
dust  bear  to  that  of  a  common  globe. 

A  great  many  of  the  terrestrial  phsenomena  depend  upon  the  g1o> 

'      bular  figure  of  the  earth,  and  the  position  of  its  axis  with  regard  to 
Ihe  sun,  particularly  the  rising  and  setting  of  the  celestial  luffiinarieSt 
le  length  of  the  days  aad  nights,  Scq. 
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Thoogh  the  son  riies  and  sets  all  over  the  world,  the  circumsttnoe^ 
of  bis  doing  so  are  very  diflSsrent  in  diffiereot  countries.  The  most 
remarkable  of  these  circiunstanoes  is  the  duration  of  the  light,  not 
only  of  the  son  himself,  but  of  the  twilight  before  he  rises,  and  after 
he  sets.  In  the  equatorial  regions^  for  instance,  darkness  comes  on 
very  soon  after  sunset;  because  the  convexity  of  the  earth  comes 
quickly  in  between  the  eye  of  the  observer  and  the  luminaiy,  the 
motion  of  the  earth  being  much  more  rapid  there  than  any  where 
else.  In  our  dimate  the  twilight  always  continues  two  hours,  or 
thereabouts,  and  during  the  summer  season  it  continues  in  a  consi« 
derable^degree  during  the  whole  night.  In  countries  farther  to  the 
northward  or  southward,  the  twilight  becomes  brighter  and  brighter 
as  we  approach  the  poles,  until  at  last  the  sun  does  not  appear  to 
touch  the  horizon,  but  goes  in  a  circle  at  some  distance  above  it  for 
many  days  successively.  In  like  manner,  during  the  winter,  the 
same  luminary  sinks  lower  and  lower,  untill  at  last  he  does  not  ap* 
pear  at  all ;  and  there  is  only  a  dim  twinkling  of  twilight  for  aa 
hour  or  two  in  the  middle  of  the  day.  By  reason  of  the  refraction  of 
the  atmosphere,  however,  the  time  of  darkness,  even  in  the  most 
inhospitable  climates,  b  always  less  than  that  of  light ;  and  so  re- 
markable is  the  effect  of  tliis  property,  that  in  the  year  1683,  when 
some  Dutch  navigators  wintered  in  Nova  Zembla,  the  sun  was  visible 
to  them  sixteen  days  before  be  could  have  been  seen  above  the  ho- 
rizon, had  there  been  no  atmosphere.  The  reason  of  all  this  is,  that 
in  the  northern  and  southern  regions  only  a  small  part  of  the  con- 
vexity of  the  globe  b  interposed  betwixt  us  and  the  sun  for  many 
days,  and  in  the  high  latitudes  none  atalL  In  the  warmer  climates 
the  sun  has  often  a  beautiful  appearance  at  rising  and  setting,  from 
the  refraction  of  his  light  through  the  vapours  which  are  copiously 
raised  in  those  parts.  In  the  colder  regions,  halos,  parhelia,  aiirom 
borealis,  ainl  other  meteors  are  frequent ;  the  two  former  owing  to 
the  great  quantity  of  vapour  continually  flying  from  the  warm  re- 
gions of  the  equator  to  the  colder  ones  of  the  poles.  In  the  high 
northern  latitudes,  thunder  and  lightning  are  unknown,  or  but  seldom 
heard  of;  but  the  more  terrible  phaeoomena  of  earthquakes,  volca* 
noes,  &c.  arc  by  no  means  unfrequent.  These,  however,  seem  only 
to  affect  blands  and  the  maritime  parts  of  the  continent.. 

Kotwithstandhig  the  seeming  inequality  in  the  distribution  of  light 
and  darkness,  however,  it  b  certain,  that  throughout  the  wbfde 
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W«rM  there  b  neariy  an  tqual  proponion  of  tight  diffuHtt  on  every 
part,  kbstrscting  fram  niiat  is  sbiorbed  by  clouds,  vapoun,  and  llie 
atniospbere  itjelf.  Tlie  equatorial  regions  hare  indeed  the  most  iii> 
teiue  Nghl  during  the  day,  but  the  iiight«  are  long  and  dark ;  while, 
on  the  alher  hand,  h  (he  northerly  and  soudierly  parts,  thounh  the 
Ibe  MD  shines  less  powerfully,  yet  the  length  of  timetlial  heappeart 
above  (he  horizon,  with  the  greater  duration  of  the  twiliglil,  com- 
penntes  for  lite  »eeming  deficiency. 

Were  the  earth  a  perfect  plane,  the  sun  would  appear  to  be  vtr'. 
lical  in  every  part  of  it ;  for,  in  comparison  uitli  the  immense  nia|^ 
nitude  of  that  laminary,  the  diameter  of  this  globe  itself  is  biit  very 
fntall;  and  as  the  sun,  were  be  near  lo  us,  would  do  much  tnorclha^  ■ 
eneer  tbe  whole  earth,  so,  though  he  were  removed  to  any  distance' 
(be  whole  diameter  of  the  latter  would  make  no  dilfereDce  in  the  ap^ 
IMuent  angle  of  altitude.  By  nieuns  of  the  globular  figure  of  the 
earlti  also,  along  with  the  great  disparity  between  the  diameters  of 
the  two  bodies,  some  advantage  is  given  to  the  day  over  the  nighl; 
for  thus  the  inn,  being  immensely  the  larger  of  tbe  two,  shines  upoti 
more  than  one  half  of  the  earth  ;  whence  the  unenlightened  part 
Itas  3  shorter  way  to  go  before  it  again  receives  the  benefit  of  hh 
raw.  This  difitrence  is  greater  in  the  intierior  ptaiieli  Venus  and 
Mercury  than  in  (he  earth. 

To  the  globular  fomi  of  the  earth  likewise  is  owing  the  long 
mooidigM  which  the  inhabitants  of  the  polar  regions  enjoy.  Th6 
same  %nre  likewise  occasions  the  appearance  and  disappearance  of 
eerlain  stars  at  some  seasons  of  (he  year  in  soine  countries ;  for,  w  ert 
the  earth  flat,  they  would  all  be  visible  in  every  part  of  the  world  at 
the  same  time.  Hence  most  probably  has  aiisen  the  npinioti  of  the 
influence  of  certain  stars  upon  the  weather  and  other  sublunary  ' 
matters.  In  short,  on  the  globular  figure  of  the  earth  depeuds  thd 
wlrole  present  appearance  of  nature  around  us ;  and  were  the  shape  of 
Ibc  pftmet  we  inhabit  to  be  altered  to  any  other,  besides  the  real  dif- 
ferenees  which  would  of  consequence  take  place,  tbe  apparent  onet 
voiiM  be  M>  great,  that  we  cannot  form  any  idea  of  the  face  wbicti 
natore  would  then  present  to  us. 

In  geography  the  circles  which  the  sun  apparently  describes  ii 
the  heavens  are  supposed  to  be  emended  as  far  as  the  earth,  and 
marked  w\  its  surface  ;  and  in  like  manner  we  may  imagine  as  many 
circles  is  wc  please  to  be'  described  on  the  earth,  and  their  ptanei 
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to  be  extended  to  the  celettial  tpbeiCt  till  tbcy  mark  coBctatnc 
ooef  on  the  beavent,  Tbc  most  remarkable  of  those  stqppoaed  by 
geographers  to  be  described  in  tUs  manner  are  the  following. 

1.  The  Aomon*  Thb  b  properly  a  double  dicle,  one  of  the  h<^ 
rizons  being  called  the  sensible,  and  the  other  the  rationaL  The 
former  comprehends  only  that  space  which  we  can  see  around  as 
upon  any  part  of  the  earth,  and  which  is  very  different  according  to 
the  difference  of  our  sitnaiioo.  The  other,  called  the  ratioualt  is  a 
circle  parallel  to  the  former,  and  passing  throu^  the  ccatre  of  the 
earth,  supposed  to  be  continued  as  for  as  the  celestial  sphere  ilKll 
To  the  eyes  of  spectators  there  is  always  a  vast  difierenca  be- 
tween the  sensible  and  rational  horixoos;  but  from  the  immense 
disparity  betwixt  the  size  of  the  earth  and  celestial  sphere,  planes  of 
both  drclea  may  be  c<msidered  as  coincident.  Hence  hagaography, 
when  the  horizon,  or  plane  of  the  horizMi,  is  spoken  of,  the  rational 
is  always  understood  when  nothmg  is  said  to  the  contrary.  In  con- 
sequence of  the  round  figure  of  the  earth,  every  part  has  a  difierent 
horizon.  The  poles  of  the  horizon,  that  i^  the  points  directly  above 
the  head,  and  opposite  to  the  feet  of  the  observer,  are  called  the 
zenith  and  nadir. 

2.  A  great  circle  described  upon  the  sphere  of  the  heiicn,  and 
passing  through  the  two  vertical  pomts,  is  called  a  vertical  cbde,  or 
an  azimuth ;  and  of  these  we  may  suppose  as  many  as  we  please  all 
round  the  horizon.  In  geography  every  circle  obtains  the  epithet 
of  great  whose  plane  passes  through  the  centre  of  the  earth;  m 
other  cases  they  are  called  lesser  circles.  The  altitudes  of  the  hea- 
venly bodies  are  measured  by  an  arch  of  the  azimuth  or  vertical 
circle  intercepted  between  the  horizon  and  body  itself.  The  most 
accurate  method  of  takiug  them,  with  regard  to  the  sun  and  moon, 
is  for  two  persons  to  make  their  observations  at  the  same  time;  one 
of  tiieni  to  observe  the  altitude  of  the  upper  limb,  the  other  of  the 
lower  limb  of  the  luminary;  the  mean  betwixt  these  two  giviag  the 
true  height  of  the  centre.  The  same  thing  may  also  be  done  aecu- 
rately  by  one  observer,  having  the  apparent  diameter  of  the  luminary 
given.  For,  having  found  the  height  of  the  upper  edge  of  the  limb 
by  the  quadrant,  take  from  it  half  his  diameter,  the  remainder  is  the 
height  of  hb  centre;  or  havmg  found  the  altitude  of  his  lower  edge, 
add  to  it  half  the  diameter,  and  the  sum  is  the  height  of  the  centie 
as  before.    When  the  observations  are  made  with  a  large  iaslni- 
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meut,  it  will  be  convenient  lo  useaiexlant,  ordxlb  part  ofacircle* 
nilLer  Ibaa  a  quadrant,  as  btriog  le»  unwieldy. 

3.  Almucanlars  are  circles  supposed  to  b«  driiwu  upon  the  splieic 
parallel  to  tbe  horiioD,  and  grow  lets  and  less  as  tlity  approach  the 
vertical  poind,  where  they  entirely  vanish.  The  appareut  distaucei 
betwixt  any  two  celestial  bodies  are  nieasuifd  by  supposing  arches 
"f  great  circles  drawn  through  them,  and  ilieii  finding  how  many 
<)egrees,  muiute^,  &c.  of  these  circles  are  intercepted  between  them. 

4.  Sometimes  the  visible  horizon  is  considered  ouly  with  regard 
to  the  objecls  which  are  upon  the  earth  itself,  in  which  cax  we  may 
define  it  to  be  a  lesser  circle  on  the  surface  of  the  earth,  compie- 
beoding  all  such  objects  as  are  at  once  visible  to  ua ;  and  the  highrt 
the  eje,  tlie  more  is  the  visible  horizon  enteiidcd.  It  is  most  accu- 
rately ubserved,  however,  on  the  sea,  on  accouut  of  the  absence  of 
those iAe<{ualitie9  which  at  land  render  the  circle  irregular:  aud  for 
litis  rcaaon  it  is  called  sometimes  tlie  borizoo  of  the  sea,  und  may  be 
observed  by  looking  through  the  sights  of  a  tjuadnuit  at  the  most 
<listiu)t  part  of  the  sea  then  visible. 

5.  The  equator  is  a  great  circle  upon  the  earth,  every  part  of 
which  is  equally  ditlaul  from  the  poles  or  vxtremittes  of  Ihe  ima- 
ginary liue  on  which  the  earth  revolves.  In  the  sea  language  it  is 
usually  called  tbe  line,  and  when  people  sail  over  it  Ibey  are  said  to 

6.  The  meridian  of  any  place  is  a  great  circle  on  Uie  earth  drawn 
through  that  place  and  both  poles  of  the  earth,  it  cuts  the  horizon 
a(  right  angles,  marking  upon  it  the  true  nurth  aad  south  palm: 
dividing  also  the  globe  into  two  hemupheres,  called  the  eastern  and 
western  from  ifaeir  relative  situation  to  that  place  and  to  one  aaolher. 
The  poles  divide  the  meridians  into  two  semicircles,  cue  of  which  ii 
drawn  through  the  place  to  which  the  meridian  belongs,  the  other 
through  that  point  of  the  earth  which  is  opposite  to  the  place.  By 
tbe  meridian  of  a  place,  geographer*  and  astronomers  uflen  mean 
that  aemicircle  which  passes  through  the  place,  and  which  may  there- 
fore be  called  the  geographical  meridian.  All  places  lying  under 
thit  semicircle  are  said  to  have  Ihe  same  meridian  ;  ihe  semicircle 
opposite  to  this  is  called  tht  opposite  meridian.  The  meridian*  are 
thus  immovably  fixed  to  the  earth  as  much  as  the  places  themselves 
ou  its  turface,  and  are  carried  ulotig  with  it  in  its  diurnal  rotation 
Wimilw  geognphical  meridian  of  any  place  is.  by  the  rulalioii  oi 
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tbecartb,  broogbt  to  poiot  «t  tfaenm,  it  b  dooo  or  mid-dijr  tt  tInC 
place,  10  wliich  case,  were  the  pkne  of  the  drde  exteoded,  it  woold 
pan  tbroogh  the  middle  of  the  lumioary't  disk.  Suppoiiog  the  plaae 
c»f  the  meridiant  to  be  extended  to  the  apheic  of  the  fixed  ttaiiy  w 
that  cafe,  when  by  the  rotation  of  the  earth  the  meridiBB  odoms  to 
any  pomt  m  the  heavenf,  then,  from  the  apparent  motion  of  the 
heavens,  that  pomt  it  said  to  come  to  tlie  meridian.  Ttie  roMioB 
of  the  earth  is  west  to  east ;  whenee  the  celestial  bodies  appear  td 
mofe  the  contrary  way^  East  and  west,  however,  are  teims  nerrly 
refaUive,  since  a  phice  may  be  west  irom  one  part  of  the  eaith,  and 
east  finom  another;  but  the  true  east  and  west  points  fton  aagp 
pbce  are  thoee  where  its  horizon  cuts  the  equator. 

7.  All  phices  lying  under  the  same  meridian  are  said  to  have  the 
sime  longitude,  and  those  which  lie  under  diffsrent  meridiaBS  to 
have  different  longitudes;  the  diffncnce  of  longitude  being  reckoned 
eostward  or  westward  on- the  equator.  ThBS»  if  the  meiidian  of  any 
place  cuts  the  equator  ma  point  15  degrees  distant  from  one  another, 
we  say  there  is  a  difierence  of  15*"  longitude  betwiat  these  two  pbem. 
Ocographers  usually  fix  upon  the  meridian  of  some  renmilcabl^ 
place  for  the  first  meridtau,  and  reckon  the  longitude  of  nU  otheishy 
the  distance  of  their  meridnns  from  that  which  they  have  ddar- 
rained  upon  as  the  first;  measuring  •sometimes  eastwaid  on  the 
equator  all  round  the  globe,  or  sometimes  only  oiie-half  east  and  the 
other  west ;  accordiug  to  which  last  measurement  no  place  can  have 
more  than  I8a>  longitude  either  east  or  west.  By  the  ancieat  Greek 
geographers  the  first  meridian  was  placed  in  Hera  or  Juneoia^  one 
of  the  Fortunate  Islands,  as  they  were  then  called,  which  is  supposed 
to  be  the  present  island  of  Tenerifie,  one  of  the  Canaries.  These 
ishmds,  being  the  most  westerly  part  of  the  earth  then  known,  were 
on  that  account  made  the  seat  of  the  first  meridian,  the  longiludo  of 
all  other  places  being  counted  eastward  from  them.  Among  mo- 
dem geographers  indeed,  it  is  now  become  customaiy  for  CMh  to 
make  the  first  meridian  pass  through  the  capital  of  his  own  eomi- 
try ;  a  practice,  however,  which  is  certamly  improper,  as  it  is  thus 
impossible  for  the  geographers  of  one  nation  to  understand  the  maps 
of  another  without  a  troublesome  calculation,  which  answeis  no 
purpose.  By  the  British  geographers  the  rojid  observatory  at 
Greenwich  is  accounted  the  place  of  the  first  meridkn. 

8.  If  we  suppose  12  great  cwcles,  one  of  which  is  thp  aeiidiao  |o 
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a  gi*«i  place,  to  hitersect  each  olher  at  llie  poles  of  the  earth,  and 
divide  the  equator  into  i\  eqaal  |>arts,  these  are  the  hour-circles  of 
ibat  place.  Tlieie  are  by  ihc  poles  divided  into  24  seiiiictrdes,  cor* 
responding  to  the  24  hours  of  the  day  and  Diglit.  The  distance 
betwixt  each  livo  of  tliese  semicircles  is  15°,  being  tlie  24th  part  of 
360 ;  and  by  the  rolHlion  of  the  earth  each  succeeding  semicircle 
points  at  the  sua  one  hour  af^er  the  prece^ng ;  so  that  in  24  hours 
all  the  semicircles  point  successively  at  (he  sun,  Hence  it  appears, 
that  such  as  have  their  meridian  15" east  from  any  other  have  hte> 
wise  noon  one  hour  sooner,  and  the  contrary ;  and  in  like  manner 
every  otitct  hour  of  the  natural  day  is  an  hour  sooner  at  the  one 
place  Iban  at  the  oilier.  Hence,  from  any  instantaneous  appearance  in 
the  heavens  obsen'ed  at  two  distant  places,  the  dtflerencc  of  longi- 
tude may  be  found,  if  the  hour  of  the  day  is  knonn  at  each  place. 
Thus  the  beginning  of  an  eclipse  of  the  moon,  when  ihe  luminary 
first  touches  thushadowof  the  earth,  is  an  instantaneous  appearance, 
as  also  Ihe  end  of  an  eclipse  of  this  kind,  when  the  moon  leaves  Ihe 
shadow  of  the  earth,  visible  to  ail  the  inhabitants  on  that  side  of  the 
globe.  If  therefore  we  find,  lliat  at  any  place  an  eclipse  of  the  mow) 
begin*  aa  Jiour  sooner  than  at  another,  we  conclude  that  there  is  a 
difference  of  Ij'  of  longitude  between  the  two  places.  Hence  also 
were  a  man  to  travel  or  sail  round  ihe  earlh  from  west  to  cast,  he 
would  reckon  one  day  more  to  have  i^assed  than  they  do  who  slay  at 
the  place  whence  he  set  out ;  so  that  their  Monday  would  be  his 
Tuesday,  ic.  On  the  other  hand,  if  he  sails  westward^  he  will 
reckon  a  day  less,  or  be  one  day  in  the  week  later,  than  those  he 
leaves  behind 

p.  TIk  equator  divides  the  earth  into  (wo  hemispheres,  called  Ihe 
nonJiem  and  southern  ;  all  places  lying  under  the  equator  are  said 
to  have  BO  latitude;  and  all  others  to  have  north  or  south  latitude 
uccordiug  to  their  situation  with  respect  to  their  equator.  The  b- 
tilude  itself  is  the  distance  from  the  equator  measured  upon  the 
■ttetidian  in  degrees,  minutes,  and  seconds.  The  complement  of 
latitude  is  the  difference  between  the  latitude  itself  ami  90°,  or  as 
much  as  the  place  itself  is  distant  from  the  pole;  and  this  comple- 
meat  is  always  equal  to  the  elevation  of  the  equator  above  the 
faoriioD  of  the  place.  The  elevation  of  the  pole  of  any  place  is  equal 
lo  tbc  latitude  itself. 

Ad  mhabitant  of  the  earth  who  lived  C'f  '^  v<^«  potsible)  at  either 
X3 
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of  the  poles  would  htve  alwa^fs  one  of  the  oelestU  poles  in  Us  xe- 
nitb,  and  the  other  in  his  D«dir,  the  equator  coinciding  with  the 
horizon.  Hence  ail  the  celestial  parallels  are  also  parallel  to  the  ho- 
rizon ;  whence  the  person  is  said  to  lire  in  a  parallel  sphere^  or  to 
have  a  parallel  horizon. 

Those  who  live  under  the  equator  have  both  poles  in  the  horino, 
all  the  celestial  parallels  cutting  the  horizon  at  right  angles ;  whence 
they  are  said  to  live  in  a  right  sphere,  or  to  have  a  right  horizon. 

Lastly,  those  who  live  between  cither  of  the  poles  and  the  equator, 
are  said  to  live  in  an  oblique  sphere,  or  to  have  an  oblique  horizon, 
because  the  celestial  equator  cuts  their  horizon  obliquely,  and  all 
the  parallels  in  the  celestial  sphtn  have  thehr  planes  oblique  to  that 
of  tlie  horizon.  In  this  sphere  some  of  the  parallels  intersect  the 
horizon  at  oblique  angles,  sOme  are  entirely  above  it,  and  some  en- 
tirely below  it;  all  of  them,  however,  so  situated,  that  they  would 
obliquely  intersect  the  plane  of  the  horizon  extended. 

The  largest  parallel  which  appears  entire  above  the  horizon  of  any 
^lace  in  north  latitude  is  called  by  the  ancient  astronomers  the  arctic 
circle  of  that  place;  within  this  circle,  that  b,  between  it  and  the 
arctic  pole,  are  comprehended  all  the  stars  which  never  act  in  that 
place,  but  are  carried  perpetually  round  the  horizon  in  codes  p^ 
rallel  to  the  equator.  The  largest  parallel  which  is  hid  entiiely 
below  the  horizon  of  any  place  m  north  latitude  was  called  the  an- 
tarctic circle  of  that  place  by  the  ancients.  This  circle  comprehends 
ail  the  stars  which  never  rise  in  that  place,  but  are  carried  perpe- 
tually round  below  the  horizon  in  circles  parallel  to  the  equator.  In 
a  parallel  sphere,  however,  the  equator  may  be  considered  as  both 
arctic  and  antarctic  circle ;  for,  being  concident  with  the  horizon, 
all  the  parallels  on  one  side  are  entirely  above  it,  and  those  on  the 
other  entirely  below  it.  In  an  oblique  sphere,  the  nearer  any  place  is 
to  either  of  the  poles,  the  larger  are  the  arctic  and  antarctic  circles, 
9s  being  nearer  to  the  celestial  equator,  which  b  a  great  circle.  In  a 
right  sphere,  the  arctic  and  antarctic  circles  have  no  place,  because 
no  parallel  appears  either  entirely  above  or  below  it.  By  the  arctic 
and  antarctic  circles,  however,  modem  geographers  in  general  onder- 
stand  two  fixed  circles  at  the  dbtance  of  %3\  degrees  from  the  pole. 
These  are  supposed  to  be  described  by  the  poles  of  the  ecliptic,  and 
mark  out  the  space  all  round  the  globe  where  the  sun  appears  to 
touch  the  horizon  at  midnight  in  the  summer  time,  and  to  be 
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tirely  lUiik  betow  it  in  the  winter;     Tbeie  are  also  called  the  polar 

«iKlH. 

According  lo  the  ditTerent  positions  or  the  globe  nitli  regard  to 
tbe  luo,  ihe  celestial  bodies  will  exliibil  dilferent  plienotnena  to  tbe 
inhabitants.  Thus,  in  a  parallel  sphere,  lliey  will  appcttr  to  move  in 
circlet  round  the  lioriEon;  in  ■  right  sphere  they  would  appear  to 
rise,  and  set  as  at  present,  but  always  in  cirrles,  cutting  the  homon 
at  right  angles;  but  in  an  oblique  sphere  the  angle  varies  according 
to  the  degree  of  obllquilv,  and  the  |>osilion  of  the  axis  of  the  sphere 
with  regard  to  the  sun.  Hence  we  easily  perceive  ll>e  reason  of  the 
wrfi  continual  change  of  place  in  the  haaveas ;  but  though  it  is  cer- 
tain that  this  change  tahes  place  every  moment,  the  vast  distance  of 
llie  luminary  renders  it  iniperceptible  for  some  time,  unless  to  verj 
nice  attrononiical  observers,  Ileoce  we  may  generally  suppose  the 
place  of  the  sun  to  be  the  same  for  a  day  or  two  together,  though 
in  a  conndctable  number  of  days  it  becomes  exceedingly  obvio<is  1« 
erer^  body.  When  he  appears  in  the  celestial  equator,  his  motion 
a^pean  for  some  time  to  be  in  the  plane  of  that  circle,  thinigh  it  is 
certain  that  bii  place  there  is  ouly  for  a  single  moment ;  und  in  like 
manner,  when  he  conies  to  any  other  point  of  the  lieavens,  his 
j{ipare»(  diurnal  motion  is  in  a  parallel  drawn  throughout.  Twice 
a  yrar  he  a  in  the  equator,  and  then  Ihe  days  and  niglils  are  neatly 
equaJ  ell  ovecthecarth.  This  happens  in  the  months  of  March  and 
September,  after  which  the  sun  proceeding  either  northward  or 
muthward  according  to  the  season  of  llie  year  and  the  jiositian  of 
the  observer,  the  days  become  longer  or  shorter  than  llie  nighli, 
and  summer  or  wiuter  is  introduced  accordingly.  Tlie  secession  of 
live  sun  from  the  equator  either  northward  or  southward  is  called 
his  dcdimtioD,  and  is  either  luirih  or  south  according  to  llie  !teasoD 
of  the  j-ear ;  and  when  this  declination  is  at  iu  greatest  height,  he  is 
rben  sakt  lo  be  in  Ihe  tropic,  t>ecause  he  begins  to  turn  back 
(the  word  tropic  being  derived  from  the  Greek  rfpiriu,  h  turn 
roan^.)  Tl»e  space  between  itie  two  tropics,  called  the  torrid 
■one,  extends  for  no  less  than  47  degrees  of  latitude  all  round  llie 
globe;  and  throughout  the  whole  of  that  space  Ihe  sun  is  vertical 
to  some  of  the  inhabitauts  twice  a  yeur,  but  to  those  who  live 
ilirectly  under  the  tropics  only  once.  Throughout  the  whole  torrid 
»Me  alao  there  is  little  difference  between  Ihe  length  ofilie  daysand 
(li^ta.  The  arKienl  geographers  found  ibeniselve^  considerably 
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cmbamssed  in  their  attempts  to  fix  tke  northeni  tropic ;  for  thovgh 
they  took  a  very  proper  method,  namely,  to  observe  the  most 
northerly  place  where  objects  had  no  shadow  on  a  certain  day»  yet 
they  found  that  on  the  same  day  no  shadow  was  cast  for  a  space  of 
no  less  Ihan  300  stadia*  llie  reason  of  thb  was,  the  apparent  diih 
meter  of  the  son,  wjiich,  being  about  half  a  degree,  seemed  to  extend 
himself  over  as  much  of  the  surface  of  the  earth,  and  to  be  vertical 
every  where  within  that  space. 

When  the  sun  is  iu  or  near  the  equator,  he  seems  to  cbai^  Ui 
place  in  the  heavens  most  rapidly ;  so  that  about  the  eqainoaes  one 
may  very  easily  perceive  the  difierence  in  a  day  or  two  ;  but  as  be 
approaches  the  tropics,  this  apparent  change  becomes  gradually 
slower,  so  that  for  a  number  of  days  he  scarcely  seems  to  smwc  «t 
all.  The  reason  of  this  may  easily  be  understood  from  any  map  oo 
which  the  ecliptic  is  delineated ;  for  by  drawing  lines  throng  efory 
degree  of  it  parallel  to  the  equator,  we  shall  perceive  them  giadnai|y 
approach  nearer  and  nearer  each  other,  until  at  last,  wbai  we  a|^ 
proach  the  point  of  contact  betwixt  the  ecliptic  and  tropic,  tbey 
can  for  several  degrees  scarcely  be  distinguished  at  all. 

From  an  observation  of  the  diversity  in  the  length  of  the  dnya  and 
nights,  the  rising  and  setting  of  the  sun,  with  the  other  phcnomeoa 
already  mentioned,  the  ancient  geographers  divided  the  surAoe  of 
the  earth  into  certam  districts,  which  they  called  climates;  and  in- 
stead of  the  method  of  describing  the  situation  of  places  by  their 
latitude  and  longitude  as  we  do  now,  they  contented  tbeawelves 
with  mentioning  the  climate  in  which  they  were  situated. 

This  method  of  dividing  the  surface  of  the  earth  into  climate^ 
though  now  very  much  disused,  has  been  adopted  by  several  mo- 
dem geographers.  Some  of  these  begin  their  climatesat  tha  equator, 
reckoning  them  by  the  increase  of  half  an  hour  in  the  lengtk  of  the 
day  northward.  Thus  tbey  go  on  till  they  come  to  the  polar  ciidei^ 
where  the  longest  day  is  twenty-four  hours:  betwixt  these  and  the 
poles  they  count  the  climates  by  the  increase  of  a  natural  day  ia  the 
length  of  time  that  the  sun  continues  above  the  horixon,  uM  they 
come  to  one  where  the  longest  day  is  fiAeen  of  ours,  or  half  t  vioBth; 
and  from  this  to  the  pole  they  count  by  the  increase  nf  half  awnths 
or  whole  months,  the  climates  ending  at  the  poles  where  the  days  are 
six  months  long.  The  climates  betwixt  the  equator  and  tba  polar 
circles  are  called  hour«climates,  and  those  between  the  fvlar  ciid« 
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■ml  liie  poles  are  called  month-climatei.  In  commoD  laugiiage,  how> 
ever,  we  lake  tlie  word  climate  id  a  vcr^  different  teuse;  »o  that 
wken  two  couuliieti  of*  uid  to  be  in  diflereal  climates,  we  under- 
Maud  only  that  llie  tem)Mralure  of  Ihc  air,  seascHu,  &c.  u« 
dilfen-nl. 

From  llie  difTereoce  in  ibe  length  and  positions  of  the  aliadom  of 
Ivrmlritd  sub&lunces,  ancient  geognipbers  have  given  difTerenttcrmt 
|i>  the  iubabilantsof  certain  places  ot'Ihe  earth:  the  reason  of  which 
»ill  be  easily  understood  Trom  the  following  considerations :  I .  Sinn 
the  MID  in  hitap|>areiitutniiial  revolution  never  removes  farlhct  ffom 
the  equator  thut  23^  degrees,  it  followi,  lliat  none  of  thoie  who  liv« 
without  lliut  3|iHC(',  or  beyond  the  tropics,  can  luve  the  luminary 
vertical  to  them  at  any  season  of  the  year.  2.  All »  ho  live  between 
the  tropics  have  the  sun  vurlical  twice  »  year,  though  not  all  at  th* 
MiDc  lime.  Thus,  to  those  who  live  directly  under  the  equator,  h« 
U  diret'tty  vertical  in  March  and  September  at  (he  lime  of  ihe  cqui* 
noi.  If  a  place  U  in  10°  north  latitude,  the  sun  is  vertical  when  b* 
lias  Iff  north  decliualion,  and  so  of  «^  ery  other  place.  3.  All  who 
live  betweeu  the  tropica  have  the  sun  at  duod  sometimes  north  and 
somelioies  sculh  of  them.  Thus  those  who  hve  in  a  place  situated 
in  30°aonh  latitude  have  the  sun  at  noon  to  Ihe  northward  when  ho 
hui  more  tlun  20°  onrth  declination,  and  to  llj^  southward  when  b^ 
b«s  IcB.  4.  Such  of  the  iuliabilauts  of  the  earth  as  live  without  lb« 
IropicD,  if  iu  the  nurthem  hemisphere,  have  tbe  sun  at  nooa  to  tb* 
southward  of  them,  but  to  the  northward  if  in  the  southeni  heuiw 
sphere.—].  Hence  when  the  sun  is  in  the  wnith  of  any  place,  Ihe 
shadow  of  a  raau  or  any  upright  abject  falls  directly  upon  the  place 
where  ibey  slanil,  and  consequently  b  intisible ;  whence  the  inhabt< 
tanta  of  such  places  were  called  Ascii,  or  without  shadows.  8.  ThoM 
who  live  between  ihe  tropics,  and  have  the  sun  sometimes  lo  the 
iiuilh  and  sometimes  lo  the  south  of  litem,  have  of  cousequeuce  thcii 
sfaaduNs  ptojectuig  north  at  sooie  scaaoni  of  (lie  year,  and  south  at 
others,  whence  they  were  called  Amphiscii,  or  having  two  kinds  of 
•liadows.  3.  Those  who  live  without  the  tropics  have  their  nooii> 
siwdows  always  the  same  way,  and  are  ilicreforc  called  Hctcrotcii. 
thai  is,  having  iwly  one  kind  of  aiiadow.  If  they  be  in  north  Utt- 
Uide.lhe  shadowsare  aluayi  turned  towards  tbe  norlh,  and  if  in  lbs 
■oiKheio  beniispliere,  towards  tbe  south,  -i.  When  a  place  is  so  tar 
disUnt  from  tbe  equator  that  tbe  days  in  twenty-four  buun  loogt 
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or  longer,  tbe  inhmbitwits  were  called  Periscii,  bectose  tbarafaviovs 
torn  round  them. 

Names  have  likewise  been  imposed  upon  the  inhabitants  of  dif* 
ferent  parts  of  the  earth,  from  the  parallels  of  latitode  under  whidi 
they  live,  and  their  situation  with  regard  toone  another.  l.Tboae  who 
Kred  at  distant  places,  but  under  the  same  parallel,  liaTC  been  called 
Perinci,  that  is,  livmg  under  the  same  circle.  Some  writers*  bow- 
ever,  by  the  name  of  Pertaed  distinguish  those  who  live  under  oppo- 
nte  pomts  of  the  same  parallel,  where  the  noon  of  one  is  the 
midnight  of  the  other.  ?•  When  two  places  lie  under  paialkb 
equally  distant  from  the  equator,  but  in  opposite  hemispheres,  the  in- 
habitants have  been  called  AntsecL  These  have  a  simOar  increase  of 
days  and  nights,  and  sunilar  seasous,  but  in  opposite  months  of  the 
year.  According  to  some,  the  Antseci  are  such  as  live  under  the  same 
geographical  meridian,  and  have  day  and  night  at  the  same  time.  3.  If 
two  places  be  in  parallels  equally  distant  from  the  equator,  and  in  op- 
posite meridians,  the  inhabitants  have  been  denominated  Antipodes, 
that  is,  persons  having  their  feet  opposite  to  one  another.  When 
two  persons  are  Antipodes,  the  senith  of  the  one  is  the  nadir  of  the 
other.  They  have  a  like  elevation  of  the  pole,  but  it  b  of  diftrent 
poles ;  they  have  also  dayn  and  nights  alike,  and  similar  seasons  oi 
the  year,  but  they  have  opposite  hours  of  the  day  and  n%ht,  as  well 
as  seasons  of  the  year.  Thus,  when  it  is  tuid-day  with  as,  it  is  nud« 
night  with  our  Antipodes ;  when  it  is  summer  with  us,  it  is  winter 
with  them,  &c. 

From  the  various  appearances  of  the  sun,  and  the  effects  of  his 
light  and  heat  upon  different  parts  of  the  earth,  the  division  of  it 
into  zones  has  arisen.  These  are  five  in  number.  1.  The  torrid 
zone,  lying  between  the  two  tropics  for  the  space  of  4/*  of  latitude. 
This  is  divided  mto  two  equal  parts  by  the  equator.  S.  The  two 
temperate  zones  lie  between  the  polar  circles  and  the  tropics,  con- 
taining a  space  of  48*  of  latitude.  And,  3.  The  two  frigid  looes 
Ke  between  the  polar  circles  and  the  poles.  In  these  last  the  long- 
est day  is  never  below  twenty-four  hours ;  in  the  temperate  zones  it 
is  never  quite  so  much,  and  in  the  torrid  zone  it  is  never  above  ftur- 
teen.  The  zones  are  named  from  the  degree  of  heat  tliey  were 
supposed  to  be  subjected  to.  The  torrid  zone  was  supposed  by  the 
ancients  to  be  uninhabitable,  on  account  of  its  heat ;  but  this  is  now 
found  to  be  a  mistake,  and  many  parts  of  the  temperate  tfont^  ar^ 
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more  intolerable  to  ihu  mpect  tlian  ihe  (orrid  zone  itself.  Towardi 
the  polkr  circtei  al»o  these  zones  ate  intolerablv  cold  during  the 
wiiMer  KaKia  Only  a  small  part  of  tbe  norlhem  frigid  zone,  and 
none  of  the  louthern,  is  inliabited.  Some  geographers  reckoned 
six  toflet,  dividing  the  torrid  zone  into  two  bv  the  equator. 

Beside  tliese,  theie  are  other  technical  terms  belonging  to  geo> 
graphy  which  it  ia  necessnry  to  explain :  some  of  these  have  reiition 
lo  the  earth,  and  others  to  the  water. 

A  continent  is  a  large  portion  of  the  earth,  which  comprehends 
wteral  countries  that  are  not  separated  by  any  sea ;  such  are  Europe, 
Aaii.  Africa,  and  America.  An  island  is  a  part  of  the  earth  which 
it  eDtirely  surrounded  by  water ;  as  Great  Britain.  A  peninsula  is  a  < 
Uact  of  land  alnuisl  surrounded  with  water,  and  is  joined  to  aconli*  j 
nent  only  by  a  narrow  slip  or  neck  ;  such  is  the  Morea  in  Greece* 
An  isthmus,  or  neck  of  land,  is  that  part  by  ivhich  a  peninsula  n 
jaine<l  lo  a  coatineni,  or  Iwu  conTineuts  together ;  as  the  islhmut  of  ' 
Suea,  which  joins  Africa  lo  Asia.  A  promontory,  or  cape,  is  « 
high  part  of  land  which  stretches  into  the  sea:  thu«  the  Cape  of 
Good  Hope  a  a  promontory.  An  ocean  is  a  vast  collection  of  walen 
surroimding  a  considerable  part  of  a  continent;  as  the  Atlantic. 
A  sea  is  a  smaller  collection  of  waters ;  as  the  Black  Sea.  A  gulf  is 
a  part  of  the  sea  which  is  nearly  surrounded  with  land  :  as  the  gulf  nf 
Venice.  A  bay  has  a  wider  entrance  than  a  gulf;  as  the  Bay  of 
Kscay.  A  stnil  is  a  narrow  passage  that  joius  two  seas;  as  the 
Strait  of  Gibraltar,  which  Joins  the  Mediterranean  to  the  Atlantic 
A  lake  is  a  large  collection  of  water  entirely  surrounded  by  land, 
having  HO  visible  communicalion  with  Ihe  sea :  as  the  Winilertiiere,  in 
Cumberland.  A  river  is  a  large  stream  of  water  that  has  its  source 
from  a  spring,  which  keeps  constanlly  running  till  it  falls  into  some 
wider  rivet,  or  into  the  sea. 

In  a  popular  point  of  view,  geography  admits  of  three  divisions  : 

1 .  The  ancient  or  classical,  which  describes  the  state  of  the  eartli, 
not  extending  farther  than  the  5001b  year  of  the  Christian  %ra. 

2.  That  of  Ihe  middle  ages,  which  reaches  lo  the  fifteenth  century, 
when  Uie  discoveries  of  Ihe  Portuguese  began  to  lay  broader  fomi* 
datioos  for  this  science.  3.  Modern  geography,  the  chief  object  of 
which  is  to  present  Ihe  most  recent  and  autbculic  information  con- 
cerning the  nations  and  slates  which  divide  and  diversify  the  earth* 
|a  some  instances  natural  barriers  have  divided,  and  continue  lo 
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divide,  naliom ;  but  in  geneial  the  boundaries  are  arbitnny,  lo  that 
the  natiira]  geography  of  a  coiiBtrj  may  be  regarded  as  a  aeqqel  to 
the  science,  which  is  chieAy  occupied  in  describii^  the  di?6nilie$ 
of  nations^  and  the  conditions  of  the  various  races  of  mankind. 

The  ancients  considered  the  ^be  aiider  the  three  grand  divisions 
«f  Asia,  Europe^  and  Africa.  Here  the  distinctions  were  arbitrary, 
as  they  often  included  Egypt  under  Asia,  and  they  had  not  disco- 
vered the  limits  of  Europe  toward  the  north-east.  Modem  disco- 
veries have  added  a  fourth  division,  that  of  America,  wbkh  eiceed- 
iag  even  Asia  in  sise,  might  have  been  admitted  under  two  grand 
and  distinct  denomhntions,  limited  by  the  isthmus  of  Oarieii*  111 
vrithm  these  last  thirty  yean  it  was  supposed  that  a  vast  contineat 
«3Listed  in  the  south  of  the  globe;  but  the  second  navigation  of 
captain  Cook  dispelled  the  idea,  and  demonstrated,  that  if  any  con* 
linentexisted  there,  it  must  be  in  the  uninhabitable  ice  of  the  sooth 
pole.  The  vast  extent  of  New  Holhmd  rewarded  the  views  of 
enterprise;  this,  which  seems  too  large  to  be  classed  amoBg  islaiMK 
has  been  ranked  as  a  fifth  division  of  the  globe  by  variovs  geo* 
graphers  of  the  present  day,  and  distinguished  by  the  name  of 
Jimtralanot  which  term,  however,  includes  also  the  enciiding 
iilands. 

Of  the  grand  divisions  of  the  earth,  Asia  bas  ever  been  eatecncd 
the  most  populous ;  and  is  supposed  to  contam  ^vt  hundred  millions 
of  souls,  if  China,  as  has  been  averred  by  tlie  latest  writeis,  com^ 
prises  three  hundred  and  thirty  millions.  The  population  of  Africa 
may  be  estimated  at  thirty  millions,  of  America  at  twenty  million^ 
and  one  hundred  and  fifty  millions  may  perhaps  be  assigned  to 
Europe. 

Modem  discoveries  have  evinced  that  more  than  two^tluids  of  the 
globe  is  covered  with  water,  which  is  contained  in  hollow  spaces,  or 
concavities,  more  or  less  large.  But  the  chief  convexities  or  protu- 
berances of  the  globe  consist  of  elevated  uplands,  sometimes 
crowned  by  mountains,^sometimes  rather  level,  as  the  extensiire  protu- 
berance of  Asia.  In  either  case,  long  chains  of  moun tarns  commonly 
proceed  from  those  chief  convexities  in  various  directions,  and  the 
principal  rivers  usually  spring  from  the  most  elevated  grounds. 

The  grandest  concavity  of  this  globe  is  filled  by  the  Ficific  Ocean; 
ocvupyiug  neariy  half  its  surfiice  from  the  eastein  shores  of  New 
Holland,  to  the  western  coast  of  America,  and  diversified  with  seve. 
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nl  fraapi  of  islands,  whicli  st-em  in  a  manner  the  summits  of  nat 
nounuin*  emerging  from  tlic  wnves.  This  ocean  receives  but  few 
rivers,  Ihe  cliiel'  being  llie  Amur  from  Tartary,  the  Hoan  Ho  and 
Kian  Ku  from  Cliina,  while  Ihe  ptincipal  rivers  of  America  run 
towarHs  ihe  eait. 

;  Next  lo  this  in  magnitude  is  the  Atlantic,  between  the  Old  and 

,      New  Continents :  and  the  third  is  the  Indian  Ocean.     The  seas  be- 

I      Iween  the  arctic  and  antarctic  circles  and  the  poles,  have  been  some- 

I      limes  styled  Ihe  Arctic  and  Antarctic  Oceans ;  but  the  latter  is  only 

acontinnationofthe  Pacific,  Atlantic,  nnd  Indian  Oceans;  while  Uie 

Arctic  Sea  is  partly  embraced  by  continents,  and  receives  many  im- 

|«     porlant  rivers.     Besides  thew,  there  are  other  seas  more  minute,  as 

Ihe  Mediterranean,  the  Bailie,  and  others  still  smaller,  till  ne  come 

by  line  gradation  to  inland  lakes  of  fresh  water. 

The  courses  of  rivers  arc  sometimes  marked  by  oblong  concavi* 
ties,  which  generHlly  at  first  intersect  the  higher  grounds,  till  the  de- 
clivity becomes  more  gentle  on  their  approach  lo  their  iuferioc 
>      receptacles.    But  even  large  rivers  are  found  sometimes  lo  spring 
I*     I'roru  lowland  marshes,  and  wind  through  vast  plains,  unaccompanied 
by  any  concavity,  except  that  of  their  immediate  course ;  while  on 
I      the  other  hand,  extensive  vales,  and  low  hollow  spaces,  frequently 
occur  destitute  of  any  stream.     Rivers  will  also  sometimes  force  a 
passage  where  naigre  has  erected  mountains  and  rocks  against  it,  and 
j     where  the  concavity  would  appear  lo  be  in  another  direction,  which 
i      the  r)V«r  might  huve  gained  with  more  ease.     In  like  manner, 
1      tliougb  ibe  chief  mountains  of  Europe  extend  in  a  south-easterly 
hihI  nnrtfa- westerly  direction,  yet  there  are  so  many  exceptions,  and 
such    niuucrous  and    important   variations  in  other  parts  of  the 
f  lobe.  a«  tu  render  any  attempt  at  a  general  theory  vain. 

From  the  vast  expanse  of  oceanic  waters,  arises  in  the  ancient  he- 

ntspliere,  that  wide  continent,  which  contains  Asia,  Enrc^,  and 

\    Africa ;  and  in  Ibe  modern  hemisphere,  the  continent  of  America, 

I     whicfa  fDms  a  kind  of  sp|>iirate  island,  divided  by  a  strait  of  Ibe  sea 

I     from  the  ancient  cuntioent.    In  the  htter  many  discoveries  of  great 

(I     imparlance  to  geography,  are  of  very  recent  date,  and  it  ia  not 

above  sixty  years  since  we  obtained  an  imperfect  idea  of  liie  extent 

of  Siberia  and  the   liussian  empire,  nor  above  iweiily-five  since 

ample,  real,  and  accurate  knowledge  of  these  wide  regions  began  lo 

be  difiiised.     So  that,  in  truth,  America  may  be  said  to  have  been 

discovered  by  Europeans  before  many  parts  of  Asia;  and  of  Africa 
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our  knowledge  continues  imperfect,  nvhile  the  latest  obserrations, 
instead  of  diminishing,  rather  increase  our  idea  of  its  extent,  at 
least  in  regard  to  its  insular  appendages. 

But  the  grandest  division  of  the  ancient  continent  is  Asia,  the  pa- 
rent of  nations,  and  of  civilization :  on  the  north-east  and  south, 
surrounded  by  the  ocean ;  but  on  the  west,  divided  by  an  ideal 
line  from  Africa ;  and  from  Europe  by  boundaries  not  very  strongly 
impressed  by  the  hand  of  nature.  The  Russian  and  the  Turkish 
empires,  extending  over  large  portions  of  both  continents,  intimately 
connect  Asia  with  Europe.  But  for  the  sake  of  clearness  and  pre- 
cision, geographers  retain  the  strict  division  of  the  andeut  cootineat 
into  three  parts,  which»  if  not  strictly  natural,  is  ethical,  as  the  man- 
ners of  the  Asiatic  subjects  of  Russia,  and  even  of  Turkey,  diftr 
considerably  from  those  of  tlie  European  inhabitants  of  those 
empires. 


CHAP.  VI. 

SUBTEKRANBAN  PUJENOMBNA  OF  THE  OfiOBE. 

It  is  only  the  mere  surfoce  or  solid  crust  of  the  globe  of  which  the 
ingenuity  of  man  has  hitherto  been  able  to  obtain  any  degree  of 
knowledge :  of  the  centre,  or  even  the  parts  below  the  snrfiioe, 
we  are  totally  ignorant.  So  far,  however,  as  we  have  been  able  to 
examine  into  the  nature  of  its  contents  and  structure  by  means  of 
rivers,  ravines,  mines,  earthquakes,  and  other  causes,'  it  consists  of 
immense  masses  of  rocks  and  veins ;  of  volcanoes  and  other  caverns; 
of  wells,  streams,  and  peculiar  exhalations ;  of  metallic  mines  aod 
petrified  fossils  ;  and  of  whole  towns  and  forests  subverted  and  iaa 
state  of  ruins.  To  each  of  Ihese  we  shall  direct  the  reader's  atten- 
tion in  the  subsequent  chapters  of  the  book  before  us,  and  nearly  io 
the  order  in  which  we  have  thus  enumerdted  them,  and  shall  at  the 
same  time  take  a  glance  at  whatever  else  may  incidentally  occur  to 
us,  whether  of  natural  or  artificial  origin,  that  from  its  form,  rarity, 
or  any  other  circumstancCi  may  be  an  object  worthy  of  general  at* 
tention.— £i^or. 


J.  BB  itODj  masKs  of  wbicli  tlie  earlJi,  as  far  as  we  know  it,  ia 
tmapoxd,  are  numerous,  and  they  are  foun<l  laid  one  above 
inotber  ;  so  thai  a  rock  of  one  kind  of  Hone  is  covered  by  another 
■peciet  of  rock,  and  this  hjr  a  third,  and  »o  on.  Now  in  llii^  superpo< 
ailioo  of  rocks  it  has  been  observed,  that  Dietr  situation  in  by  no 
neaos  ariHttarj' ;  every  one  occupies  a  determinate  place,  so  that  they 
follow  each  other  in  regular  order  from  the  deepest  part  of  the 
eaitli's  crust,  which  has  been  examined,  to  the  very  surface.  Thus 
there  arc  two  things  respecting  rocks  which  claim  our  attention ; 
namely,  tbetr  composilioii,  and  their  relative  situation.  But  besides 
'  the  rocks  which  constitute  almost  the  whole  of  the  earth's  crusi, 
tliere  are  masses  which  must  also  be  considereil.  These  travetx 
the  rocks  in  a  different  direction,  and  are  known  by  the  name  of 
vtini,  as  if  the  rocks  had  split  asunder  in  dificreut  places  from  lop 
lo  bottom,  and  the  chasm  had  been  afterwards  filled  up  with  the 
Butter  which  constitutes  the  vein. 

Thus  it  appears,  th;it  when  we  consider  compound  raioerals,  or 
rock*,  the  subject  naturally  divides  iliielf  into  three  parts;  namely, 
I.  The  structure  of  tocksi  2.  The  situation  of  rocks;  3.  Veins. 
These  shall  form  the  subject  of  the  three  following  sections. 

Sbct.  l.—Of  the  Structure  of  »«:*». 
Rocks  may  be  divided  into  two  classes ;  \iz. 
I.  Simple,  orcomposed  of  one  mineral  substance. 
Ih  Compound,  or  composed  of  more  than  one   mioetal  sub* 
stance. 
CoiDpoiuid  rocks  are  of  two  kinds  ;  namely, 

I.  Cemented  :  composed  of  grains  agglutinated  by  a  cement,  as 

lanJ-tlorii. 
n.  Aggregated ;  composed  of  parts  coaoecled  together  without 
»  ceraenl,  as  granilt- 
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The  sggT«gated  rocks  are  likewise  of  two  kinds ;  namely, 

I.  Indeterminate. 

Only  one  instanee  of  this  kind  of  aggregation  has  hitherto  occur- 
red,  namely  in  the  older  serpenHne,  where  limestone  and  serpentine 
are  so  conjoined,  that  it  is  difficult  to  say  which  predominates. 

II.  Determinate. 

The  determinate  are  either,  L  Smgle  aggregated ;  or»  TI.  Double 

aggregated. 
There  are  four  kmds  of  smgle  aggregated  rocks ;  namely, 

1.  Orannlar ;  composed  of  grains  whose  length,  breadth,  and  tbieb 
ness  are  nearly  alike,  and  which  are  of  codtemporaneons  for- 
matlon.    As  granite,  sienUe. 

%  Slaty ;  composed  of  plates  laid  above  each  other ;  as  mica  slaii» 

S.  Porphyritic )  composed  of  a  compact  ground,  contafning  in  ft 
crystals  which  appear  to  hare  been  deposited  at  the  time  th^ 
rock  was  formed  ;  ds  common  porphyry, 

4.  Amygdaloidal  -,  composed  of  a  compact  ground,  containing  fai  it 
vesicles  which  appear  to  have  been  afterwards  filled  up;  a^ 
amygdaloid. 
There  are  five  kinds  of  double  aggregated  rocks ;  namely, 

1.  Qranular  slaty ;  composed  of  slaty  masses  laid  on  each  Mher. 
Every  individual  slate  is  composed  of  grains  cohering  togeth^ ; 
or  it  is  slaty  in  the  great,  and  granular  in  the  small ;  ngnehs. 
^  S.  Slaty  granular ;  composed  of  large  granular  masses  cohering  to- 
gether i  each  grahi  is  composed  of  plates  -,  or  the  rock  fo  gra- 
nular in  the  great,  and  slaty  in  the  small ;  as  topaz  rock. 

d.  Granular  porphyritic ;  granular  in  the  small,  and  porphyritic  itk 
the  great ;  as  granite,  greenstone  frequently. 

4.  Slaty  porphyritic ;  slaty  in  the  small,  porphyritic  in  the  great; 

as  mica  slate  frequently. 

5.  Porphyritic  and  amygdaloidal ;  a  mass  porphyritic  and  amygda- 

loidal at  the  same  time;  as  amygdaloid ttad  ba%aU  frequently. 
Such  are  the  different  kinds  of  structures  of  rocks  hitherto  Ob- 
served and  described.    The  follo\«iug  Table  will  give  the  reader  a 
sjmoptical  view  of  these  different  kinds  of  structure : 

L  Simple  rocks 
if.  Compound  rocks 
A.  pemented 
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B.  Aggregated 
a.  Indeierniinalc 

I.  Delenniuate 
I.  Single 

I.  Granular 
3.  Staly 

3.  PorphvrJtic 

4.  Amygtlaloidal 

II.  Double 

1.  Granular  slaty 
3-  Slaty  granular 
9.  Granular  porphyritic 

4.  Slaty  porpbyritic 

5.  Porpbyritic  and  amygdaloidal 

Sect.  1L~0/Ihc  relative  Siluation  of  Roch. 

Tlie  rodiy  masses,  or  rocks,  bitherto  observed,  amount  to  about 
«ixty.  Of  these  rochs,  variously  placed  over  each  other,  the  whole 
crust  of  the  earth  Is  composed,  to  the  grealt^st  depth  that  the 
■ndoslry  of  man  has  been  able  to  penetrate ;  and  with  respect  to  each 
Other,  they  occupy  for  the  most  part  a  delenniuate  situation,  nbich 
holds  invariably  in  every  part  of  the  earth.  Thus  limestone  is  no 
where  found  under  gruuite,  but  always  above  ii.  Were  we  to  sup- 
l>ose  every  particular  rock,  or  layer,  which  conslllules  a  part  of  the 
earth's  surface  to  be  extended  round  the  whole  earth,  and  to  be 
wrapped  round  the  central  nucleus,  like  tbe  coat  of  an  onion,  in 
that  case  every  rock  would  be  constantly  fouud :  one  species 
Mould  be  always  lowest  or  nearest  the  centre ;  another  species 
would  uoifonoly  rest  upon  this  tirst ;  a  third  upon  the  second,  and 
to  on.  Now,  though  the  rocks  do  not  in  reality  extend  ronud  the 
earth  in  this  uninterrupted  fflunner ;  though,  partly  from  tbe  in- 
tquality  of  the  nucleus  on  wliich  lliey  rest,  jiartly  from  their  own 
inequalily  of  thickness  in  ditferent  places,  and  partly  from  other 
causes,  tbe  continuity  is  often  interrupted  ;  yet  still  we  can  trace 
enough  of  it  to  convince  us  tliat  the  rocks  which  constitute  (he 
«arth"»  crust,  considered  in  a  great  scale,  are  every  where  the  same, 
•nd  thai  they  invariably  occupy  the  same  situation  with  respect  to 
«ach  oilier.  Werner  has  therefore  chosen  thb  relative  situatiiw  s> 
tbe  baai  of  his  cluiificatiun  of  mcks.    lie  divide*  thtffl  into  five 
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«Immi.  The  first  class  conaisb  of  ihoM  nxJtt  whkh,  if  we«a«(a 
■uppoK  each  layer  to  be  extended  over  the  whole  earth,  would  in 
Utat  case  lie  lowest,  or  nearest  the  cenlre  of  all  ihe  rochs  whidi  we 
IlDow  to  be  covered  by  all  the  otiier  rocks.  The  secoiid  cIsM  coo* 
sbtg  of  tliose  rocks  tvhich  iu  that  case  would  be  iuimcdiately  abovr 
the  first  class  >nd  cover  them.  Ttie  third  class  would  cover  the  le* 
cond  in  ibesamemaoQer:  the  fourth  the  third  ;  and  the  fH\h  wouM 
be  uppermost  of  all,  and  constitute  the  itnmediole  surface  of  lb*, 
earth.  Tbe  first  class  of  rocks  are  covered  by  all  the  re»l,  hutm 
Deier  iheinselves  lie  over  any  other.  Tbe  othen  lie  in  order  nitri 
each  otlier.  These  grami  claues  of  rocks  be  has  de nominated ,^«b 
matimu,  and  disliiigimbed  Ibem  by  Ae  foHowing  specific  namd: 

I.  Primitive  fomtMiom 

IL  Transition  formations 

IIL  Floelz,  orborirontalfbrmatioas 

IV.  Alluvial  formations 

V,  Volcanic 

Iht  prinilire  fonn«tioii«  we  of  course  the  lowest  of  all,  nd  At 
lltavial  constitute  tbe  very  suiiace  of  the  earth :  for  the  nkme,  » 
ts  obvious,  are  confined  to  particular  points.  Not  Ibat  tlMpriSMtiTC 
ue  always  at  a  great  depth  nnder  the  surface,  very  uAn  %key  «• 
at  tbe  surface,  or  even  eonslilule  mountaiiu.  In  sucb  caiei,  ibt 
other  classes  of  formations  are  warning  allogether.  Iu  bke  anuoKi 
the  transilion,  and  otiter  formations,  may  each  in  its  lum  wxt^  iht 
surface,  or  constitute  tbe  mass  of  a  mountain.  In  sttch  caiea,  idl  Ik 
subsequent  formations  which  ought  to  cover  thcsi  are  waiiliq|ii 
that  particular  spot. 

Each  of  tliese  grand  classes  of  formations  consists  of  a  greater  u 
kmaller  number  of  rocks,  which  occupy  a  iklertniiiate  positiaa  with 
respect  to  each  other,  and  which,  like  the  great  fornintiou  tlwin- 
selves,  may  often  be  wanting  in  particular  places.  Let  i»  takei 
view  of  the  rocks  which  compose  all  these  diflerenl  fonnatiom. 

Class  I.  Primitive  Formatiotu.  The  rocks  which  coattitale  tk 
primiiive  formatioo*  are  very  numerous.  They  have  been  dividtd 
Uierefore  into  seven  sets,  which  constitute  as  many  primitiiv  Ar> 
lutioBf,  aod  an  diitiDguisbcd  each  by  Uw  aame  of  that  puticuUr 
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ctiaKs.  The  first  clau  consists  of  thoM  rocki  which,  ifmmni 
suppoK  each  layer  to  be  extended  over  the  whole  eaitb,  would 
that  case  lie  lowest,  or  aearest  the  centre  of  all  the  rocks  whMi  «c 
know  (o  be  covered  by  all  ihe  other  rocks.  The  KMBd  elus  a 
sists  of  those  rocks  which  Ju  that  case  would  be  immediately  abc 
the  first  class  and  cover  them.  The  third  class  would  cover  the 
cond  in  the  same  maoDer  i  the  fourth  the  third  ;  and  the  fifth  wm 
be  ti)ipermost  of  all,  and  constitute  Ibe  immediale  surfuc  of  I 
earth.  The  first  class  of  rocks  are  covered  by  all  tbe  reflt  I 
neter  themselves  lie  over  any  otlier.  The  otfaen  lie  in  orda  oi 
each  other.  These  grand  classes  of  rocks  be  has  denonuustMlJ 
flutiMi,  ud  distinguished  them  by  the  folkiwiif  fpecifie  bmhk 

I.  Primitive  ftmmfiotn 

II.  Transition  formations 

m.  Ftoetz,  or  horizontal  fonnations 

IV.  Allavial  fonnations 

V.  Volcanic 

tin  (Hinitive  formations  are  of  coarse  tbe  lowest  of  M,  nd  ( 
■Rnvial  constitute  Ihe  very  surface  of  tbe  earth ;  for  Ibe 
h  obvions,  are  confiDed  to  particular  points.     Not  that  the; 
are  always  at  a  great  depth  onder  Ihe  surl^ce,  very 
at  the  surface,  or  even  coostilute  mouDtams.     fa  i 
other  classes  of  tbrmatioos  are  wanting  attogethcr.     fa 
tbe  transition,  and  otlier  formations,  may  each  in  ita 
surface,  or  consltlute  the  mass  of  a  mountain.     In  sndi 
subsequent  fonnations  which  ought  to  cover  then  ars  waiiUng  k 
that  particular  spot. 

Each  of  tliese  gnnA  classes  of  formations  consi«ts  of  a  gnatei « 
Mnalkr  number  of  rocks,  which  occupy  a  determimle  posiUoa  witk 
fespcct  to  each  other,  and  which,  like  the  great  foraaliMn  ibetif 
selves,  may  often  be  wanting  in  particular  placs^  Let  ns  lake  ■ 
view  of  the  rocks  which  compose  all  these  diAcrtst  liinnrtioiB. 

Clan  T.  Primitive  Formalioni.  The  rocks  which  conttitirte  ibr 
primitive  formations  are  «ery  numerous.  They  have  been  diviM 
therefore  into  seven  sets,  which  constitute  ns  many  primitive  Ar- 
BMtiaDi,  and  an  diitiiiguisbed  each  by  tbe  naue  of  that  particutv 
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rock  which  constitutes  Ibe  i^reatest  proportion  of  tlie  fornulioo. 
These  sevea  sets  of  primitive  formatioiu  nre  the  following: 


1.  Granite 
3.  Gneiss 

3.  Mica-stotc 

4.  Cliy-slate 


,  Newest  primitive  porphyry 
.  Sienile 
Newer  seipentine. 


The  granite  is  the  undermost,  and  the  sienite  the  up|)ermo3t  of 
the  primitive  formations  Granite  b  scarcely  mixed  with  any  otlter 
rock ;  but  Id  gneiss,  mica-slate,  and  clay-slate,  there  occur  bedn  '  of 
old  porphyry,  primitive  trap,  primitive  lime^stone,  old  serpentine, 
quartz  rock.  For  that  reason  these  rocks  are  said  to  constitute 
fbrtutions  subordinate  to  gneiss,  mica-slate,  and  clay-slate.  Gyp- 
tum  occurs  in  beds  in  mica-slate,  and  old  flint-slate  occurs  in  the 
nme  way  in  clay-slate.  Hence  they  constitute  formations  siibonti- 
nate  to  mica  and  clay<slate.  Thus,  besides  the  seven  pruicipal  primi- 
tiveforraatiom,  tliere  occur  seven  subordinate  form  a  I  ions,  interspersed 
through  the  second,  third,  and  fourth  formations;  and  topaz  rock, 
which  lies  over  gneiss  and  under  clay-slate,  must  be  added  to  the 
list :  so  that  the  primitive  formations  altogether  amount  to  fifteen. 

If  we  suppose  the  nucleus  of  the  earth  to  have  been  first  formed, 
and  the  formations  to  have  been  afterwards  depo^ilcd  in  succession 
opon  this  nucleus,  it  will  follow  that  the  lowest  formation  is  the 
oldest,  and  that  the  formations  are  newer  and  newer  according  as 
they  approach  the  surface,  lliia  supposition  accounts  for  some  of 
the  names  given  to  the  primitive  formations.  That  porphyry,  for 
example,  is  considered  as  the  oldest,  which  lies  lowest  down  in  the 
series  of  formations,  and  those  formations  of  porphyry  which  lie 
nearer  thesurface  are  considered  us  newer.  Granite,  of  course,  ac* 
cording  to  this  way  of  speaking,  is  the  oldest  formation  of  all,  while 
the  allnvial  are  the  newest  of  all.  Tiie  following  Table  exhibits  a 
'■yooplicxl  view  of  the  primitive  formations: 


•  Wllro  a  iiKiuDUiD  ii  ciMupaied  of  layers  of  tbe  naie  kind  of  itoae,  it  u 
mid  (•  lie  Eirati6cd  t  but  wheo  the  layen  arc  «f  diUcrenl  kiodt  of  modc,  11 


id  to  Im  CJHDpoicd  of  beds. 
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PrinciiNa.  MboMiiMte. 

1.  Gnuute 


6.  Older  porphyry 

7.  Primithre  trap 

8.  Primitife  lime-tloat 

9.  Older  serpentine 

10.  Quartz 

11.  Gypsum 
13.  Older  flint^te 


ft.  Gneift 

3.  Mica-date 

4.  Topasrock 

5.  Clay^te 

IS.  Newer  porphyry 

14.  Sienite 

15.  Newer  serpentine. 

Oass  II.  TranHtiom  Anaoiioar.  Having  described  the  priaulife 
4bmiatioBs;let  ns  now  proceed  to  the  second  great  class,  the  traasi* 
tion,  which  lie  innnediately  over  them.  These  are  by  no  means  to 
nonierotts,  since  they  consbt  only  of  four  sets;  namely. 

1.  Greywacke 

a.  Tramition  linie.8tone 

3.  Transition  trap 

4.  Transition 


They  all  alternate  with  each  other,  sometimes  one,  sometimes  an- 
other being  undermost,  except  one  bed  of  transition  lime-etooe, 
.which  seems  always  to  rest  upon  the  primitive  formations,  and  may 
therefore  be  considered  as  the  oldest  of  the  transition  formations. 

It  is  in  the  transition  rocks  that  petrifactions  firrt  make  their  ap- 
pearance; and  it  deserves  particular  attention  that  they  always 
consist  of  species  of  corals  and  zoophytes,  which  do  not  at  present 
exist,  and  which  therefore  we  may  suppose  extinct.  The  vegetable 
.petrifiictious  are  likewise  the  lowest  in  that  kingdom,  such  as  ferns, 
&C.  Tbb  remarkable  circunutance  has  induced  Werner  to  con* 
dude,  that  the  transition  rocks  were  formed  after  the  earth  contained 
organic  beings.  Hence  the  name  iroaiiisoa,  which  he  has  iaiposed, 
as  if  they  had  been  formed  when  the  earth  was  passing  from  an  un- 
inhabited to  an  inhabited  state.  The  date  of  their  forroaUon  is 
to  be  very  remote,  since  the  petrifactions  which  they 
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tern  are  the  remBins  of  animal  and  vegetable  species  now  extinct.  It 
ii  in  the  transitioD  rocks,  too,  thai  carbonaceous  matter  makes  ir* 
fino  appearance  in  any  notable  quantity. 

Class  III.  Floetx  Formattont.  The  next  ^nd  class  of  fonnalions 
have  receired  the  name  nf  Jloetx,  because  (bey  lie  usually  iu  beds 
much  more  nearly  horizontal  than  the  preceding.  When  not  cc^ 
Tcred  by  a  succeeding  formation,  they  form  hills  which  do  not  rise 
to  the  same  height  as  the  priraitiva  or  transition.  They  contain  . 
abundance  of  petrifactions;  and  these  much  more  various  in  their' 
nature  than  those  which  occur  in  the  transition  formations,  consist* 
ing  of  shells,  fish,  plants,  &c.  indicating  that  they  were  formed  at  ■ 
period  when  organized  beings  abounded. 

The  floetz  formations  lie  immediately  over  the  transrlion.    They 
comprehend  a  great  number  of  individual  fonnalions,  each  of  which 
affect*  a  particular  situation.    The  following  table  exhilHts  a  view  of 
these  different  fonnationi  in  the  order  of  their  position,  as  far  as  la  - 
knuwn. 


1.  Old  red  sand-stone 
a.  First  floetz  lime-stone 

3.  First  floeii  gypsum  with  rock  salt 

4.  Variegated  land-stone 

5.  Second  Aoelx  gypsum 

C.  Second  floetz  or  shell  lime-stone 


7.  Third  sand-stone  or  ftec^tone 


.  Chalk 


I  The  position  of  (he  two  formations  separated  from  the  rest,  and 

from  each  other,  by  asterisks,  has  not  been  ascertained  in  a  satis- 
factory manner.     The  last  formation,  the  floetz  trap,  lies  over  the 
Tcit,  pretty  much  as  the  newer  porphyry  and  stenite  do  over  the  older 
e  fonnatious. 
CU»  IV.  Muvial  FormatUw.    The  aUuriil  fonnatiou  consti- 


S-  independent  coal 
10.  Floetz  trap. 


b 
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tote  Ihc  gmt  mass  of  what  is  actually  th«  earth'i  surface.  They  faave 
becD  fonoed  by  the  gradual  action  of  nio  and  river  watei  upon  the 
other  foriiiatioos,  and  may  be  comidered  u  very  recent  fonnatiotts,  or 
nther  asdeposites,  the  formation  of  wbich  is  still  constantly  going  on. 
Tlu?  may  be  divided  into  two  kiiidi :  those  deposited  in  the  val- 
leys of  loountaiuous  diitiicti,  or  upon  the  elevated  plains  whicli 
often  occur  in  mountains ;  and  (hose  deposited  upon  fiat  laod. 

The  fint  kind  consist  of  sand,  gravel,  &c.  nhicb  constituted  itw 
more  solid  parts  of  the  neighbouring  mountains,  and  which  remained 
when  the  lets  solid  parts  were  washed  away.  They  sometimes  coo* 
lain  ores  (particularly  gold  and  tm}  which  existed  in  the  neiglibou- 
i&g  mountaios.  Sometimes  the  allovial  soil  is  washed,  in  order  to 
separate   these  ores.     On  roouutain  plaim  there  occur  also  beds  of 

The  second  kind  of  alluvial  deposit,  or  that  which  occupies  the 
flat  land,  cocuisis  of  loam,  clay.sand^  turf,  and  calctuff*.  Herealto 
occur  eatlb  and  brown  coal  {iu  ibis  mineral  amber  is  found^  wood 
coal,  bituminous  wood,  and  bog  iron  ore.  The  sand  contains  mum 
metals,  among  others  gold.  The  calctuff  b  a  chemical  deposit  and 
extends  widely.  It  contains  plantS)  roots,  moss,  bones,  &c.  which  it 
has  encrusted.  The  clay  aud  sand  often  contain  petrified  wood,  and 
likewise  skeletons  of  quadrupeds. 

Claw  V.  f^olcank  Formatioiu.  The  volcanic  formations  are  of 
two  kinds ;  iiameLy,  the  pteuJo-oolcanie  and  tlie  true  volcame. 

The  pseudo.volcaoic  consbl  of  minerals  altered  iu  consequence  of 
the  burning  of  beds  of  coal  situated  in  their  neigh bourbood.  Por> 
cclain  jasper,  earth  stag,  burnt  clay,  colutnair  elay-iron  stone,  and 
perhaps  also  polishing  slate,  are  the  minerals  which  have  been  thus 
altered. 

The  real  volcanic  minerals  are  those  which  have  been  llirown  out 
of  the  crater  of  a  volcano.  They  are  of  three  kinds ;  1.  Those 
substances  which,  having  been  thrown  out  from  lime  to  time,  have 
formed  the  crater  of  the  mountain:  2.  Those  which  have  been 
thrown  out  of  the  crater  in  a  stream,  and  rolled  down  the  nNwa- 
taio:  they  constitute  lavas:  3.  The  water  which  is  occaswmlly 
tfarowo  out  of  volcanoes,  cootaiBing  ashes  sod  other  hght  aob- 

•  SUlKdtfc  or  cakaruM  tua.— SMtr. 
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■htnces,  graduftlly  evaponting,  leaves  Ibe  eaitbj  matter  bebind  U; 
Ibii  aubttaocc  constilutes  volcanic  tuff. 

Sect.  III.— Of  fans. 

Veioi  are  mineral  repotitones  wbicb  cut  throDgh  th«  strata  at  bed* 
of  whicb  a  mouDlaiu  is  composed,  nod  wbich  ara  filled  witU  sub- 
alaoces  Bmre  ur  less  dt&eient  from  Ibe  rocks  through  whicb  ibcj 
fMsi.  We  shall  bave  a  very  disliuci  nollon  of  veins,  if  we  suppose 
tbat  lh«  mountains  in  which  the;  occur  were  split  by  »ome  meant 
or  other,  aud  llmt  tlie  rifts  (bus  formed  were  filled  up  by  liie  matter 
Ktucb  corutilutec  vein*.  Tbey  are  ilistinguisbed  frnoi  bedi  bj  their 
direction,  which  it  either  perpendiculu  to  the  stratifications,  or  ai 
kut  foroM  an  angle  with  it. 

Someliroes  the  st(a<a  through  which  veint  pass  are  merely  separ 
nled  &om  each  other ;  so  that  if  we  cut  tbrougb  ifae  vein  we  find 
tb<  lame  strata  of  the  rock  on  both  sides  of  it  i  but  sometimes  also 
ibe  «otre*ponding  strata  ou  one  «ide  are  lower  than  on  the  other,  ai 
if  Ibe  portion  of  the  rock  on  one  side  of  the  vein  had  sunk  a  littl^ 
while  the  portion  on  tbe  other  side  kept  lU  origioHl  (losition.  In 
«ucb  cases,  the  side  o(  the  rock  against  wlijcb  tbe  vein  leans,  or  the  floor 
of  die  veui,  hai  always  its  strata  highest  up ;  whilst  the  strata  of 
die  portion  of  rock  which  leans  over  the  vein,  or  the  roof  of  the 
vein,  are  always  lowest.  So  that  this  is  tbe  portion  which  appears  to 
have  tUD^a  Sucli  a  change  of  position  in  tbe  strata  is  known  in  tin's 
country  by  the  name  of  a  *hi/l. 

In  considering  veins,  there  are  two  circumstances  which  claim  our 
Uleolkia :  namely,  1 .  Tbe  shape  of  veins ;  and,  a.  Tbe  substances 
with  whicb  tbey  are  filled. 

1.  All  tbose  miiietalogists  who  have  had  tbe  best  opportunity  of 
csaminiag  the  shape  of  veins  with  cotrecluess,  agree  in  representing 
theai  as  widest  ubove,  and  as  gradually  diniiuighing  in  size  at 
tbey  deepen,  till  at  last  they  terminate  in  a  poiul,  exactly  as  if  ihey 
had  been  originally  fissures.  This  is  the  account  of  Oppel,  of  Wer^ 
oer,  and  indred  of  all  tlinse  writers  who  bave  been  professionally  eo- 
gaged  in  superintending  mines.  Sometimes,  indeed,  veins  widen  in 
different  parts  of  their  course,  and  afterwards  contract  again  to  their 
iiMmcr  lijcc ;  but  more  commonly  tbey  coutiuue  dimiuisliing  giadu> 
fUy  to  their  eatramity, 

3.  Sowtunca  these  veins  are  eilber  partially  or  entirely  empljr. 

T  « 
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t  Ifaej  BR  «lHia 


«d  jbiKTerj  but  most  conufity 


tbe;  an  filled  with  a  mattrr  more  or  lew  diffeieut  Iroin  the  rock 
thntofh  which  tbey  pSM.  Somelimn  the  veiD  ii  filled  up  with  one 
qwcin  of  tniDeral.  Thas  «<  have  vcrns  of  calcareooi  ipar,  of 
quarts,  tic. ;  but  when  it  ii  of  any  lisci  we  frequently  fiod  a  varirtf 
of  tabdancei :  Ifaeie  are  disposed  in  regnlar  layers  always  parallel  to 
the  sideioribeTciD,  and  Ibey  follow  in  their  pontioo  a  Teryr^nhr 
order.  One  qiecies  of  mineral  comlitulei  the  ceatre  of  the  *eia: 
oo  each  side  of  this  central  bed  the  very  tame  layera  occur  ai  Ifae 
nme  order  from  the  centre  to  Ibe  side  of  the  vein.  To  give  an  ex- 
ample ;  tbe  Tein  GregorhUf  at  Fiejbcrgi  i*  composed  of  tmie  layen 
orbeds.  TbemiddkoftheveiDcomislsofBlsyerafadcsTeottiqMr; 
on  each  side  of  this  is  a  layer  consisting  of  varions  ores  of  til  ver  mind 
tc>gethcr  i  on  each  side  of  thb  a  layer  of  brown  spar ;  on  each  side 
of  this  a  layer  of  galcoa ;  on  each  side  of  Ibis  again,  and  contignons 
to  tbe  nde  of  tbe  Tcin.  b  a  layer  of  qnarti.  Tbe  following  AttA 
will  pvc  tbe  leader  some  notion  of  tbe  relatiTe  posiliaa  of  tboe 
lajen; 


1 

1 

i 

1 

1 

^  i 

a    3 

1 

o    a 


Gnen 
nek. 


I  tbe  imnber  of  layers  of  whidi  a  vd 
greatly  eieerds  this.  Werner  describes  one  m  tbe  district  of  Fttj- 
berg,  b  wfaidi  tbe  middle  layer  is  calcareous  ^lar,  having  on  each 
■ide  of  it  so  lea  than  tbiileen  layers  arranged  in  tbe  veij  same 
order*. 

Almost  every  mineral  substance  which  occnn  m  the  mast  of  neb 
bai  been  fitond  m  veins.  We  sometmtes  fiod  them  filled  with  dtf- 
ftfOrt  well-known  stony  bodies.  Tims  veins  of  granite,  potpbyiyt 
Bma^onCf  basalt,  wacke,  greMMtcHie,  lie,  ire  not  imcommoB  f  • 
vJm  of  quarts,  day,  Mspar,  Itc  are  equally  common. 

•  VoateUe  TVoric  dc  U  Foimatlon  in  Flloas,  p.  100. 
i  Vcncr,  Hoarclle  Tbeorte,  p.  93, 


ROCKS   AND  VEINS. 


329 


Pil-«oal  ind  coronion  salt,  and  almosl  all  the  metaU,  likewise 
«ccur  in  reins.  Some  veins  are  filled  with  waler-worn  pebbles,  as 
one  observed  by  Werner  al  Joachimstahl  •.  Some  are  filled  with 
loam  t.  Nav,  they  even  sometimes  contain  petrifactions.  Thus  the 
Baron  de  Bom  describes  a  pelrifieit  popite;  which  he  suw  iu  a  com- 
pact cinnabar  vein  in  Hungary  ;  and  Mr.  de  Schlottheim  commuoi- 
ca ted  an  account  of  a  still  more  remarkable  appearance  of  tliesaiqe 
kind  to  Werner,  In  a  calcareous  mountain  in  Thuringia,  there 
occur  veins  of  marl  live  or  sis  inches  thick,  containing  pelrifsctions 
differing  altogether  from  those  which  are  found  in  the  lime-stone. 
The  petrifactions  found  in  the  marl  are,  comua  ammonis,  terebrates 
ind  turbiniles;  while  those  that  occur  in  the  lime-stone  rock  are 
trocbites.  Beds  of  the  marl  occur  in  the  neighbourhood:  and 
these  beds  contain  the  same  (tetrifiictions  that  are  found  iu  the 

3.  It  is  very  common  to  find  veins  crc 
rock.     When  that  happens,  one  of  the 
Ihrousb  the  otlier  without  any  inlerruplior 
the  oilier  always  separates,  and  disappears  at  the  point  of  crossing, 

4.  Such  is  a  short  sketch  of  the  most  remarkable  phsenomenii 
respc«ting  veins.  Werner  supposes  that  they  were  originally  fissurn 
formed  in  the  rocks,  and  that  they  were  all  gradually  filled  br 
jninerals  deposilsd  slowly  from  above,  while  the  rocks  in  which  they 
occur  were  covered  by  water,  and  that  they  were  filled  at  the  same 
lime  that  the  different  formations  were  deposited.  This  theory  he 
has  supported  in  his  book  on  Veins,  by  a  very  complete  ennmeration 
of  all  the  circumstances  respecting  their  structure  and  appearances. 
He  has  shown  that  they  resemble  fissures  very  exactly  iu  their  shape 
and  direction }  and  that  as  they  contain  petrifactions  and  minerals 
altered  by  the  action  of  water,  they  must  of  necessity  have  beeo 
Ailed  from  above. 

Vettis  of  course,  according  to  this  theory,  are  newer  than  Ibe 
rocks  in  which  Ihey  occur ;  and  when  two  veins  cross,  that  is  ob- 
viously the  newest  which  traverses  the  other  without  interruption,  u 
the  fissures  constituting  the  second  vein  must  have  been  formed  aDer 


geach  other  in  the  same 

s  may  be  traced  passing 

1,  and  cutlint;  in  two,  v 


"  Weroer,  Nouvellc  Tlreorie,  p.  ( 
i  i   Ibid.  p.  ki. 

I  t  Ibid,  p,  88. 
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the  fut  TOD  was  filled  op.  Wben  diflSercot  vtios  coiUiir  the 
woenb  arranged  in  the  same  order,  be  conceifes  tbat  they  wen 
filled  at  the  same  time,  and  sayi  that  sach  veins  belong  to  the  mam 
fiMmation.  When  they  difier  in  these  respects,  they  belong  to  dife 
not  formations.  From  the  position  of  the  respective  veins  with 
ssqiect  to  each  other,  he  deduces  their  relative  age;  and  tfom 
this  draws  inferences  reipecting  the  rektive  age  of  the  difceat 
mineral  substances  that  occur  in  veins  similar  to  the  inforevccs 
drawn  respecting  Mie  age  of  the  rocks  which  constitute  the  gnnd 
classes  of  formations. 

[Tbamtim'i  S^^Uem of  Chemstry^  VoLIV.  ocfMiumaBjf  olUrei} 


CHAP.  VIII. 

▼OLCANOBSi  BABTHQUAKBS,   AND  StTBTBBBAlf BAH 

FIRBS* 


JL  B  AT  fires  to  an  enormoos  extent,  and  produced  by  varkms  canse^ 
may  exist  at  different  depths  beneath  the  surface  of  the  earth,  must, 
we  think,  be  clear  to  every  one  who  has  attentively  perused  the 
preceding  chapters  of  the  present  book :  and  we  have  much  reason 
to  believe,  from  a  very  curious  series  of  experiments  lately  coo- 
ducted  by  Sir  James  Hall,  tbat»  where  the  substances  in  which 
such  fires  occur  lie  profound,  and  are  surmounted  by  a  very  deep 
and  heavy  super-incumbent  pressure ;  and,  more  espedally^  ^here 
they,  at  the  same  time,  coutain  large  portions  of  elastic  ffmts;  the 
effects  of  such  fires  will  be  prodigiously  greater,  and  more  dhrtf- 
sified,  than  where  these  curcumstances  are  absent 

Earthquakes  and  volcanoes  nuiy  be  reckoned,  for  the  most  part, 
among  the  most  powerful  and  extraordinary  of  these  effects  |  and 
jas  resulting  from  those  chemical  changes  which  the  agency  of  fire 
principally  produces  in  the  interior  of  the  solid  crust  of  the  globe. 
They  have^  probably,  little  further  connection  with  electricity  than 
;^  causes  that  occasionally  destroy  the  equilibrium  ;  for  although 
fome  authors  have  inferred,  from  the  great  velocity  with  which  the 
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Bbock  of  BO  earthquake  is  transmilted  from  ptac«  tn  place,  ibat  iu 
Mlure  must  be  eleclrical,  yet  olben  have,  witb  greater  probability, 
ittribiited  tbe  rapid  siicce^aioo  of  the  effects  to  Ibe  o|ieration  of  a 
aingle  cause,  acting  like  sublerraiteao  beat,  at  a  great  dislauc* 
below  the  earth's  surface.  There  are,  however,  aome  circun^i 
alances  which  indicate  such  a  conoexioo  betweeu  tbe  alale  of  the  at- 
mospbere  and  tbe  approach  of  au  eartliijuakej  as  caunot  easily  be 
explained  by  any  hypothesis. 

Tbe  shocks  of  earth<|uakes,  and  the  eruptions  of  volcauoes,  an    , 
in  all  probability  modifications  of  the  ejects  of  one  common  cause}    ' 
tbe  same  countries  are  liable  to  bulb  of  them  ;  and  where  the  agi- 
tation produced  by  an  earthquake  extendi  further  than  there  is  any 
RMon  to  suspiect  a  «ubierraneoDS  commotion,  it  is  probably  propka   ' 
gated  through  tbe  earth  uearly  in  the  same  manner  as  a  noise  m    ' 
nmveyed  through  the  air.     Volcanoes  are  found  in  almost  all  pari*  ■: 
of  tbe  world,  but  mo^t  commonly  iu  the  neiglibourbood  of  the  sc 
and  especially  in  small  islands ;  for  instance,  in  Italy,  Sicily,  Ice*   j 
land,  Japan,  tbe  Caribbees,  ilie  Cape  Vcrd  islands,  tbe  Canaries 
and  the  Aiores  :  there  are  also  numerous  volcanoes  in  Mexico  a 
Peru,  especially  Picbincha  and  Cotupaxi.     The  subterraneous  firea^  ] 
Hbicb  are  coultnually  kept  up  iu  an  open  volcano,  de]>ead  perha|N   { 
in  geiKral  on  sulphureous  combinations  and  decompositions,  like  tbe 
healing  of  a  heap  of  wel  pyrites,  or  the  union  of  sulphur  and  iroa 
filings  :  but  iu  other  cases  they  may  perhaps  approach  more  nearly   ' 
to  the  nature  of  common  fires.    A  mountain  of  coal  has  been  t)urnin| 
iu  Siberia  for  almost  a  century,  aud  must  probably  have  undermined   ' 
iu  some  degree  the  neighbouring  country.     The  immediate  cause  of  | 
an  aruption  appears  to  be  very  frequently  an   admission  of  watot  | 
from  tbe  sea,  or  from  subterraneous  reservoirs ;  it  has  often  lia 
pnwd  that  boiling  water  has  been  discharged    in  great  quaotitiet  1 
from  a  rolcano  ;  and  llie  force  of  steam  is  perhaps  more  adequate    , 
to  the  production  of  violent  explosions,  than  any  other   power  k 
natnie.     The  consequence  of  such  an  admission  of  water,  into  ai 
MMBenae  collection  of  ignited  materials,  may  in  some  measure  be 
■adeiitood,    from    the    accidents  which    occasionally    happen   in 
fiNUiilerie* :  tbus  a  whole  furnace  of  melted  iron  was  a  few  years  ago 
dianpated  into  ihe  air  in  Colebrook  Dale,  by  the  effect  of  a  flood 
■hich  suddenly  overflowed  it. 

The  [dumoDKna  of  earthquakes  and  volcwMes  ate  uuidy  illiutnted 
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while  he  was  involved  in  a  shower  of  small  pumioe  sti 
ashes,  and  in  a  cloud  of  smdw.  The  force  of  the  cxplosioM  ww 
ao  great,  that  doors  and  windows  were  thrown  open  by  tfacni  at  tte 
distance  of  several  miles  :  the  stream  of  lava  was  in  some  phcv 
two  miles  broad,  and  6o  or  70  feet  deep ;  it  extended  about  lis 
miles  from  the  summit  of  the  mountain,  and  remained  hot  for  se* 
veial  weeks.  In  1794  a  still  more  violent  eruption  occurred  :  it 
was  expected  by  the  inhabitants  of  the  neighbourhood,  the  enter 
being  nearly  filled,  and  the  water  in  the  wells  having  sul 
Showers  of  immense  stones  were  projected  to  a  great  height ; 
ashes  were  thrown  out  so  copiously,  that  they  were  very  thUk  it 
Taranto,  230  miles  off;  some  of  them  also  were  wet  with 
water.  A  heavy  noxious  vapour,  supposed  to  be  caifaooic 
sued  in  many  places  from  the  earth,  and  destroyed  the  vii 
which  it  was  suffered  to  remain  stagnant.  A  part  of  the  tcvwB  if 
Torre  del  Greco  was  overwhelmed  by  a  stream  of  lava,  wiiiEh  lan 
through  it  into  the  sea ;  yet  nothwithstanding  the  frequency 
accidents,  the  inhabitants  had  so  strong  a  predilectioa  for 
Dative  spot,  that  they  refused  the  offer  of  a  safer  situatioB  tttm 
building  their  houses. 

[Editor.  Young,  Nai.PhU.  DeUaTorre^lstmmdtl  Fmrnm.]  . 


CHAP.  IX. 

ERUPTIONS  OF  VE8UVJUS. 


1  HERE  is  no  volcanic  mountain  in  Europe,  whose  desolating  f^ 
roxysms  have  been  so  fatally  experienced,  and  so  accuratdy 
roitted  to  us,  as  those  of  Vesuvius. 

This  mountain  b  well  known  to  constitute  one  of  the 
wonden  of  the  kingdom  of  Naples.  Like  Parnassus,  it  has 
said  to  consist  of  two  summits,  one  of  which,  situated  in  a 
direction,  is  called  by  the  natives  Somma  ;  and  the  other, 
in  a  southern  line,  Proper  Vesuvius,  or  Vesuvio;  and  it  is  this  Mil 
alone  which  emits  fire  and  smoke.  The  two  hills  or  sammiti  mik 
parated  by  a  valley  of  about  a  mile  in  length,  and  peculiaily  Ikrili 
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'   ki  itf  |)n>i)ne(i«iu.    The  eruptions  of  this  mountain  htn  been  un* 
■WTOUsin  aliDDBt  ever^  age  of  the  Christian  Rra  ;  and  on  many  oc* 
IS  prodigiously  destructive.     From  the  numerous   narratiou 
to  which  ihey  have  gireo  rise,  we  shall    confine  ourselves  to  (how 
that  are  most  awful  or  interesting. 

Sect.  I. — Destruction  of  Pompeii  and  Hereulaneum. 

Thk  earliest  and  one  of  (lie  most  fatal  eruptions  of  Vesuvius  that 
occurs  (o  us  in  history,  took  place  in  the  year  79  of  the  Christiam 
Kra,  and  the  first  of  the  rei^n  of  Titus.  All  Campania  was  alarmed 
by  its  violence,  and  the  country  was  devastated  in  every  direction 
to  ■  very  great  distance  ;  numerous  towns  with  the  whole  of  their 
Mbabilants  were  consumed,  and  among  the  rest,  the  elegant  cities  of 
pumpeii  and  Herculaneum,  the  ruins  of  which,  after  having  been 
uUeriy  overwhelmed  and  lost  for  more  than  si:(teen  centuries,  were  < 
at  leitfth  traced  out  by  accident ;  and,  so  liir  as  they  relate  to  the 
latter,  have  been  explored  to  a  considerable  extent.  The  wreck  of 
Herculaneum  was  discovered  in  173Q,  and  was  reudered  accessible 
by  a  well  in  the  course  of  the  ensuing  year. 

Ponpeii  had  suffered  severely  from  an  earlhqutike.  sixteen  yean 
before  the  eruption  of  79i  '^"t  ^^^  beta  rebuilt  and  embellished 
with  teveral  stately  edifices  ;  especially  with  a  magnificent  theatre* 
Jo  which  the  people  were  assembled,  and  intent  upon  the  spectacle, 
when  this  tremendous  visitation  hunt  upon  them,  swallowing  up  the 
city  by  an  earthquake,  and  overcovering  its  site  to  a  considerable 
depth  with  the  fiery  materials  that  were  thrown  forth  from  tbe 
mouth  of  tbe  crater.  The  cities  of  Puleoli  and  Cumie  were 
also  greatly  damaged,  partly  by  tbe  concussions,  and  partly  by  the 
burning  ashes,  which  last,  according  to  the  concurrent  assertion  of 
ancient  historians,  extended  to  Africa,  Egypt  and  Syria,  and  gl 
Borne  turned  tbe  day  suddenly  into  night,  to  the  consternation  of  tbe 
inbabitants.  It  was  during  this  emptinn,  that  the  elder  Pliuy  fell  a 
victim  to  suffocation,  the  poet  Cesius  Bassus  and  bb  household  were 
cmuamed  by  the  flames,  and  Agrippa,  son  of  Claudius  Feliit,  the 
well-known  governor  of  Judm,  and  of  Dnisilla,  daughter  to 
Agrippa,  the  last  king  of  tlie  Jews,  perished  iu  his  youtli  as  we  are 
told  by  Josephus;  though  the  passage  of  this  writer  in  which 
Iw  refen  for  a  more  particular  account  of  bis  death, 
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Tbe  ctrlicti  of  the  eraptions  of  Vnavius  of  which  we  have  soy 
narrative,  is  so  exquisitely  and  impressiveljr  related  by  the  younger 
Pliny,  in  two  letters  to  hb  friend  Tacitus  the  historian,  that  it  has 
been  rendered  almost  as  celebrated,  from  this  fine  and  touching 
description,  as  on  account  of  the  extent  of  the  calamity  itself* 
But  though  this  description  u  the  earliest,  we  are  not  to  conclude 
that  no  eruption  had  ever  taken  place  antecedently*  Neither 
Pliny  nor  Tacitus  hint  at  any  thing  to  thb  efiect,  nor  exprm 
the  smallest  surprise  at  the  phsenomenoo,  which  they  undoobt* 
edly  would  have  done»  had  it  been  the  first  of  the  kind.  One  of  the 
earliest  we  meet  with  in  history,  next  to  that  narrated  by  Pliny,  b 
comparatively  in  our  own  times;  it  occurred  in  1538,  and  fi>rBcd 
the  crater  near  Pozzicoli,  which  has  received  the  name  of  MmUi 
Nuov9.  Curiosity  led  many  persons  to  look  uito  thb  crater  a  few 
days  after  the  eruption  had  ceased,  when  twenty  of  the  rashest  and 
most  daring  were  destroyed  by  a  sudden  explosion  of  smoke,  stones, 
and  ashes*  The  next  of  which  we  have  any  document,  took  place 
in  1631,  and  is  described  by  ^tonio  Santorelli,  as  also  by  the 
Abbate  Braccini :  during  which  the  sea,  as  in  the  eruplioo  of  79^ 
retreated  from  the  coast.  The  next  memorable  eruptioo  in  the 
order  of  time,  b  that  described  by  Valetta  in  1707 :  since  which 
period,  accounts  of  not  fewer  than  ten  others  have  been  publidied  ia 
the  Philosophical  Transactions,  for  nearly  half  of  which  tbe  worid  b 
greatly  indebted  to  the  assiduity  and  intrepidity  of  Sir  Williaa 
Hamilton.  Besides  these,  we  have  also  an  account  of  an  emptioa 
in  1717»  by  bbhop  Berkeley,  and  of  another  in  1737  by  Dr.  Seiao^ 
published  the  same  year  at  Naples. 

The  description  of  Pliny  b  as  follows ;  and  the  two  letters  that 
contahi  it  are  numbered  sixteen  and  twenty  in  the  sixth  book  of  kii 
epbtolary  collection. 

"  TO  TACITUS. 

**  Your  request  that  I  would  send  you  an  account  of  my  unde's 
death,  in  order  to  transmit  a  more  exact  rehition  of  it  to  posterity,  de- 
serves my  acknowledgments ;  for  if  thb  accident  shall  be  celebrated  by 
your  pen,  the  glory  of  it  I  am  well  assured  will  be  rendered  for 
ever  illustrious.  And  notwithstanding  he  perbhed  by  a  misfortiuM^ 
which,  as  it  involved  at  the  same  time  a  most  beautiful  couotiy  in 
ruins,  and  destroyed  so  many  populous  cities,  seems  to  promiaf 
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wa  HWrbMing  remembrance ;  iiottvithstaDdiug  ite  lias  hiaiielf  com* 
poKd  maiijr  and  lastiug  works  ;  yet  I  am  persuaded  the  nientioniag 
or  biin  ill  youT  iminorlal  writings  will  greully  contribute  to  viemin 
bis  luime.  tldjipy  I  esleeni  (hose  to  be,  whom  Providence  bu  dis- 
liDguislied  witli  the  abilities  either  of  doiiigsucb  aclious  as  are  worthy 
of  betDg  related, or  ofrelating  them  in  a  manner  worlhy  of  being  read  i 
IkiI  doubly  hupp)  are  Ihey  who  are  blessed  witii  both  tlieK  unconi' 
KMn  talents;  in  the  number  of  Hhicli  luy  uncle,  ns  bis  own  wriliugi 
and  your  history  will  evidently  prove,  may  justly  be  ratiked.  It  U 
with  »lreme  willingness,  therelorr.  that  1  enecule  your  commands; 
and  should  inrjeed  have  claimed  the  task,  if  you  hadsoteiuoinedit. 
He  was  at  that  lime  wiih  llie  fleet  under  liis  command  at  Misenum*. 
On  the  33<)  nf  August,  about  one  in  the  afienioon,  my  mother  de> 
sired  him  to  observe  a  cloud  which  appeared  of  a  very  unusual  size 
and  shu))e.  He  had  just  returned  from  takiug  the  benefit  of  Ihe 
sun  f ,  mid  afler  bathing  himself  in  cold  water,  and  taking  a  slight 
repast,  had  retired  to  his  study  :  he  immediately  arose  and  went  out 
upon  an  eminence  from  which  he  might  more  distinctly  view  thii 
very  uncoraniDo  appearance.  It  was  not  at  that  diiilance  discernible 
from  ivhal  mountain  this  cloud  issued,  but  it  wu  found  afterwards 
lo  iKeod  from  mount  Vesuviiisl.  I  caonot  give  you  a  more  exact 
descriplion  of  its  figure  than  by  resembling  it  lo  Ihat  of  a  pine<tree, 
fi>r  it  ihol  up  a  great  height  in  ihe  form  of  a  trunk,  which  extemled 
itself  at  Ihe  top  inio  a  sort  of  branches;  occasioned,  1  imagine, 
cither  by  a  sudden  gust  of  air  that  impelled  it,  the  force  of  wliicti 
decreased  as  it  advanced  upwards;  or  the  cloud  itself  being  pressed 
back  again  by  its  own  weight,  expanded  in  this  maDiier.  It  appeared 
•ooietimes  bright,  and  sometimes  dark  and  s)>otted,  as  it  was  cither 
more  or  leu  impregnated  with  earth  and  cinders.  This  extraordi- 
uary  phenomenon  excited  my  uncle's  philov^pltical  curiosity  to  lake  • 
a  nearer  view  of  it.  He  ordered  a  light  vessel  to  be  got  ready,  and 
g^ve  me  Ihe  liberty,  if  I  thought  proper,  to  attend  liim.  1  rather 
cboM  to  continue  my  studies ;  for,  as  it  happened,  he  had  given  me 

■  lalbegDlfofNapln. 

t  Thf  Romani  otrd  to  lie  or  walk  naked  in  tke 
■  with  oH,  which  waa  tHeemei  ai  crFally  c< 
«  daily  pracll.ttd  bj  thrm. 

illci  diilanl  from  Naplei ThLi  dreadful  unipnon  hn|iprii 

i.  D.  n,  U  Ike  8cH  year  at  the  rmperor  TIibl 
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ao  employmeut  of  that  kind.  As  be  was  comiog  out  of  tbe  house, 
he  received  a  note  from  Recthia  tbe  wife  of  Bassos,  who  was  in  the 
utmost  alarm  at  tbe  imminent  danger  which  threatened  her;  for  her 
villa  being  situated  at  the  foot  of  mount  Vesuvius,  there  was  no  way 
to  escape  but  by  sea ;  she  earnestly  intreated  him  therefore  to  come 
to  her  assistance.  He  accordingly  changed  his  6fst  design,  and  what 
he  began  with  a  philosophical,  he  pursued  with  an  heroical  twn  of 
mind.  He  ordered  the  galleys  to  p^t  to  sea,  and  went  himself  on 
board  with  an  hitention  of  assisting  not  only  Rectina,  but  several 
others :  for  the  villas  stand  extremely  thick  upon  the  beautifol  coast. 
When  hastening  to  the  place  from  which  others  fled  with  the  ut- 
most terror,  lie  steered  his  direct  course  to  the  point  of  danger,  and 
with  so  much  calmness  and  presence  of  mmd,  as  to  be  able  to  make 
and  dictate  hb  observations  upon  the  motion  and  figure  of  thai 
dreadful  scene.  He  was  now  so  uigh  the  mountain  that  tbe  cnden, 
whkh  grew  thicker  and  hotter  the  nearer  he  approached,  fell  into  the 
ships,  together  with  pumice-stones,  and  black  pieces  of  burning  roc|[ ; 
they  were  likewise  in  danger  not  only  of  being  a- ground  by  tbe  sad- 
den retreat  of  the  sea,  but  also  from  the  vast  fragments  which  rolled 
down  from  the  mountain,  and  obstructed  all  the  shore.  Here  he 
■topped  to  consider  whether  he  should  return  bade  again,  to  which 
the  pilot  advising  him ;  *'  Fortune,"  said  he,  **  befriends  tbe  biave ; 
carry  me  to  Pomponiaiius.*'  Pomponianus  was  then  at  Stalme*, 
separated  by  a  gulf  which. tbe  sea,  after  several  insensible  wia^ngs, 
forms  upon  that  shore.  He  bad  already  sent  his  baggage  on  board ; 
for  though  he  was  not  at  that  time  in  actual  danger,  yet  being 
within  the  view  of  it,  and  indeed  extremely  near,  if  it  should  in  the 
least  increase,  he  was  determined  to  put  to  sea  as  soon  aa  tbe  wind 
should  change.  It  was  favourable,  however,  for  carrying  ray  nnde 
to  Pomponianus,  whom  he  found  in  the  greatest  consternation :  be 
embraced  him  with  tenderness,  encouraging  and  exhorting  bim  to 
keep  up  his  spirits ;  and  the  more  to  dissipate  his  fears,  be  oideivd, 
with  an  air  of  unconcern,  the  baths  to  be  got  ready ;  when,  after 
having  bathed,  he  sat  down  to  supper  with  great  eheerfplncMi,  or 
at  least  (what  is  equally  heroic)  with  all  the  appearance  of  it;  In 
the  mean  while  the  eruption  from  mount  Vesuvius  flamed  out  in 
several  places  with  much  violence,  which  the  darkness  of  the  night 


•  Now  called  Quicl  i  Mar  dfSiabit,  ia  tbe  gulf  of  Naples. 
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canlributed  to  render  still  more  Ti'sible  and  dreadful.  Bat  ray  uncle, 
in  order  to  soothe  (he  apprehenaioas  or  his  friend,  assured  him  it 
was  only  the  burning  of  llie  villages,  which  the  couutry  people  had 
abandoned  to  the  flames  ;  at)er  this  he  retired  to  rest,  and  it  is  most 
certain  he  was  so  little  discomposed  as  (o  fnll  into  a  deep  sleep;  for 
being  pretty  fat,  anil  breathing  liard.  those  who  attended  without 
ulually  heard  him  snore.  The  court  which  led  to  his  apartraent 
being  now  ainiust  filled  with  slones  and  ashes,  if  he  had  continued 
there  any  liinc  lunger,  it  would  have  been  impossible  for  him  to 
have  made  his  way  out ;  it  was  thought  proper  therefore  to  awaken 
him.  He  got  up,  and  went  to  Poniponianus  and  (he  rest  of  his 
company,  who  were  not  unconcerned  enough  to  think  of  going  to 
bed.  They  consulted  loge(her  wlietlier  it  would  be  most  prudent 
to  trust  lo  the  houses,  which  now  shook  from  side  to  side  with  fre- 
quent and  violent  concussions :  or  fly  (o  the  open  fields,  where  the 
calcioed  stones  and  cinders,  thougli  light  indeed,  yet  fell  in  large 
showers,  and  threatened  destruction.  In  this  distress  they  resolved 
for  the  fields,  as  the  less  dangerous  situation  of  the  two  ;  a  resolu- 
tion which,  while  the  rest  of  the  company  were  hurried  into  it  by 
their  fears,  my  uncle  embraced  upon  cool  and  deliberate  conside- 
ration. They  went  out  then,  having  pillows  tied  upon  their  heads 
with  napkins  ;  and  Ibis  whs  their  whole  detence  against  the  storm  of  | 
stones  that  fell  round  them.  Though  it  was  now  day  every  where 
else,  with  them  it  was  <larker  than  the  most  obscure  night,  excepting 
only  what  light  proceeded  from  the  fire  and  flames.  They  thought 
proper  to  go  down  farther  upon  the  ^hore,  to  observe  if  they  might  >' 
safely  put  out  to  sea,  but  they  found  the  waves  still  run  extremely 
high  and  boisterous.  There  my  uncle  having  drunk  a  draught  or 
two  of  cold  water,  threw  himself  down  upon  a  cloth  which  was 
spread  for  him,  when  immediately  the  flames  and  a  strong  smell  of 
sulphur,  which  was  the  forerunner  oflhem,  dispersed  the  rest  of 
the  company  and  obliged  them  to  arise.  He  raised  himself  up  with 
the  assistance  of  tivo  of  his  servants,  and  instantly  fell  down  dead ; 
■uflbcated,  as  I  conjecture,  by  some  gross  and  noxious  vapour,  hav- 
ing always  had  weak  luugs,  and  frequently  subjected  to  a  difficulty 
of  breathing.  As  soon  as  it  was  light  again,  which  was  uot  till  the 
third  day  after  this  melancholy  accident,  his  body  was  found  entire, 
'  and  without  any  marks  of  violence  upon  it,  exactly  in  the  sama 
I  2 
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posture  thai  he  fell»  and  looking  more  like  a  man  asleep  than 
dead.  During  all  this  time  my  mother  and  I,  who  itcrc  at 
Misenum — But  as  this  has  no  connection  with  your  history^  so 
your  enquiry  went  no  farther  than  concerning  my  uncle's  <tealh ; 
with  tliat  therefore  I  will  put  an  end  to  my  letter :  sufier  me  only 
to  add,  that  I  have  faithfully  related  to  you  what  I  was  either  an 
eye-witness  of  myself^  or  received  immediately  after  the  acddeot 
happened,  and  before  there  was  time  to  vary  the  truth.  You  will 
choose  out  of  this  narrative  such  circumstances  as  shall  be  most 
suitable  to  your  purpose ;  for  there  u  a  great  difference  between 
what  is  proper  for  a  fetter,  and  an  history ;  between  willing  to  a 
friend,  aiid  writing  to  the  public     FkreweL 

TO  CORNELIUS  TACfTUS.^ 

The  letter  which,  in  compliance  with  your  request,  I  wroCe  tcr 
you  couceming  the  death  of  my  uncle,  has  raised,  it  seems,  your  cu- 
riosity to  know  what  terrors  and  dangers  attended  me  whOe  I 
continued  at  Misenum ;  for  there,  1  think,  the  account  of  my  fiwnier 
broke  off  ^ 

Tboasb  my  shockM  loiil  recoils^  my  toagat  ilmU  tdl. 

My  uncle  having  left  us,  I  pursued  the  studies  whieh  prevented  my  gong 
with  him,  till  it  was  time  to  bathe ;  after  which  I  went  to  snppei^  and 
from  thence  to  bed,  where  my  sleep  was  greatly  broken  and  disluibed. 
There  had  been  for  many  days  before  some  shocks  of  an  eartfaquake» 
which  the  less  surprised  us  as  they  are  extremely  frequent  in  Cam- 
pania ;•  but  they  were  so  particularly  violent  that  night,  that  they 
not  only  shook  every  thing  about  us^  but  seemed  indeed  to  threaten 
total  destruction.  My  mother  flew  to  my  chamber,  where  she 
found  me  rising  in  order  to  awaken  her.  We  went  out  into  a  small 
court  belonging  to  the  house,  which  separated  the  sen  ftom  tte 
buildings.  As  I  was  at  that  time  but  eighteen  years  of  age,  I  know 
not  whether  I  should  call  my  behaviour  m  tlib  dangerous  jnnctnie^ 
courage  or  rashness ;  but  I  took  up  Livy,  and  amused  nyseif  with 
turning  over  that  author,  and  even  making  extracts  from  him,  as  if  all 
about  me  had  been  in  full  security.  While  we  were  in  thii  posture^ 
a  friend  of  my  uncle's*  who  was  just  come  from  Spain  to  pay  him 
a  visit,  joined  us,  and  observing  me  siltmg  by  my  mother  with  a 
book  in  my  hand,  greatly  condenmed  her  calmnessy  at  the  sane 
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tioic  that  he  reproved  me  for  my  carelesi  security:  nevertheless  I 
still  went  on  with  my  author.  Thoiigii  it  was  now  morning,  the 
light  was  exceedingly  fdinl  and  languid  ;  the  buildings  all  around  ua 
tottered,  and  though  we  atofxl  upon  open  ground,  yet  as  the  place 
was  narrow  and  confined,  there  vm  no  remaining  there  without  cer- 
tain and  great  danger;  we  Iheretbre  resolved  to  quit  the  town. 
The  people  followed  us  in  the  utmost  constemalion,  and  (us  to  a 
nind  detracted  with  terror,  every  suggestion  seenii  more  prudent 
Ihan  its  own)  pres^d  in  great  crowds  about  u^  in  our  whv  out. 
Being  got  at  a  convenient  distance  from  the  houses,  we  stood  still  id 
the  midst  of  a  most  dangerous  and  dreadful  scene.  The  cltarioti 
which  we  had  ordered  to  be  drawn  out  were  so  agitated  backwards 
snd  formrds,  though  in  tlie  open  fields,  that  we  could  not  keep 
tbem  steady,  even  by  supporting  them  with  large  stones.  Tlic  sea 
seemed  to  rot!  back  upon  itself,  and  to  be  driven  from  its  hanks  by 
the  convulsive  motion  of  the  earthy  it  is  certain  at  least  the  shore 
was  considenhly  enlarged,  and  several  sea-animals  were  left  upon 
it.  On  the  other  side,  a  black  and  dreadl'ul  cloud  bursting  with  an 
igneous  serpentine  vapour,  darted  out  a  long  train  of  tire,  resem- 
bling flashes  of  lightning,  but  much  larger.  Upon  this,  our  Spanish 
friend,  whom  I  mentioned  above,  addressing  himself  to  my  uiolher 
and  me  with  great  warmth  and  earuestness:  "  If  your  brother 
and  your  uncle,"  said  he,  "  is  safe,  he  certainly  wishes  you  may  be 
ao  too;  but  if  he  ]>erisbed,  it  was  his  desire,  no  doubt,  that  yon 
night  both  survive  him :  why  therefore  do  yon  delay  your  escape  a 
moment  V  We  could  never  think  of  our  own  safety,  we  said,  while 
we  were  uncertain  of  his.  Hereupon  our  friend  left  us,  and  with- 
drew from  the  danger  with  tlie  utmost  preeipilation.  Soon  aflerwiirdi 
the  cloud  seemed  to  descend,  and  cover  the  whole  ocean  ;  as,  in- 
deed, il  entirely  hid  the  island  of  Caprea  ■,  and  the  promontory  of 
Hisenuffl,  My  mother  stronsjly  coloured  mc  to  make  my  esscaiw  at 
any  rale,  which,  as  1  was  young,  I  niigtit  easily  do:  a«  for  her- 
aclf,  she  said,  her  age  and  corpulency  rendered  all  attempts  of 
that  sort  impossible;  however,  she  would  willingly  meet  death,  if 
slie  could  have  ihe  satbfdction  of  seeing  that  she  was  not  the  orca- 
■ion  of  mine.     But  I  absolutely  refused  to  leave  her,  and  taking  her 
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bj  the  band,  I  led  ber  oo ;  sbe  complied  witb  great  leluctaBce,  and 
not  withoul  many  rrproaclies  to  benclf  for  retarding  mj  flight. 
Tlie  aabes  now  began  to  hXi  opon  b%  tbougfa  in  no  great  qoanUtj. 
1  turned  my  bead,  and  obserrcd  behind  us  a  thick  smoke,  which 
came  rolling  after  os  like  a  torreoL    I  proposed,  while  we  bad  yet 
any  light,  to  turn  out  of  the  high  road,  lest  we  should  be  piciaed  to 
death  in  the  dark  by  the  crowd  that  followed  usl     We  had  scarce 
stepped  out  of  the  path,  when  a  darkness  oterspread  os,  not  like 
that  of  a  doody  night,  or  when  there  is  no  moon,  bat  of  a  room 
when  it  is  shut  up  and  all  the  lights  are  extinct.  Nothing  tben  was  to 
be  heard  but  the  shrieks  of  women,  the  screams  of  children,  and  the 
cries  of  men ;  some  calling  for  their  children,  others  for  their  pa- 
rents, others  for  their  husbands,  and  only  distinguishing  each  other 
by  their  voices ;  one  lamentii^  his  own  fate,  another  that  of  his  fii- 
mily ;  some  wishing  to  die  from  the  Tery  fear  of  dying,  some  lifting 
up  their  bands  to  the  gods;  but  the  greater  part  imagining  that  the 
last  and  eternal  night  was  come,  which  was  to  destroy  both  the  gods 
and  the  world  together*.    Among  these  there  were  some  who  aug- 
mented the  real  tenors  by  imaginary  ones»  and  made  the  frighted 
multitude  falsely  beliete  that  Misenom  was  actually  in  flames.    At 
length  a  glimmering  light  appeared,  which  we  imagined  to  be  rather 
the  forerunner  of  an  approaching  burst  of  flames  (as  in  truth  it  was) 
than  the  return  of  day ;  however,  the  fire  fell  at  a  distance  from  as: 
then  again  we  were  immersed  in  thick  darkness,  and  a  heavy  shower 
of  ashes  rained  upon  us,  whicli  we  were  obliged  every  now  and  then 
to  shake  off,  otherwise  we  should  have  been  crushed  and  buried  in 
the  heap.   I  might  boast,  that  during  all  this  scene  of  horror,  not  t 
sigh  or  expression  of  fear  escaped  firom  me,  had  not  my  support 
been  founded  in  that  miserable  though  strong  consolation,  that  all 
mankind  were  involved  in  the  same  calamity,  and  that  1  imagined  I 
was  perishing  with  the  world  itself.     At  last  this  dreadful  darknen 
was  dissipated  by  degrees  like  a  cloud  of  smoke :  the  real  day  rt* 
turned,  and  even  the  sun  appeared,  though  very  faintly,  and  as  when 
an  eclipse  is  conung  on.    Every  object  that  presented  itself  to  our 

*  The  Stoic  and  Epicurean  pbilosopben  held,  that  the  world  was  to  be  de- 
stroyed by  fire,  and  all  thinp  &11  again  into  original  chaos,  nol  ezceptiiig 
even  the  national  gods  tbeaselTes  from  the  destmction  of  this  geaeisd  cos* 
flagratioo. 
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«yts  (which  were  exireiuely  weakened)  seamed  cbaiigeil,  being  co- 
vered over  with  white  ashes*  as  with  a  deep  snow.  We  relumed  to 
Misenuin,'  where  we  reTreshed  ourselves  us  well  as  we  coitlil,  and  , 
passed  an  annious  night  hetween  hope  and  fear;  ihougtt  indec^  < 
with  a  tnudi  larger  share  of  the  biter ;  for  the  earthcguake  still  eoutk-  J 
nued,  while  several  cuthusiaslic  people  ran  up  and  down,  heightening  J 
itieir  nwR  and  their  friends'  calamities  by  tej-rible  prediclJoni.  J 
However,  my  mother  and  1,  aotwilhst landing  the  danger  we  had  1 
passed,  and  tlj;il  which  still  Ihreaieued  us,  had  no  thoughts  of  leavr  , 
■ng  the  place  till  we  we  should  receive  some  account  of  my  uacte. 

And  now  you  will  read  this  narrative  without  any  view  of  inserting  ] 
it  in  your  history,  of  which  it  is  by  no  means  worthy ;  auil  indeed 
y«u  must  impute  it  to  your  own  reipiest,  if  it  shall  appear  S;C<irce  t< 
deserve  even  the  trouble  of  a  letter.     Fiirewel, 

SECTION  II. 
Eruption  of  femvitu  in  17GG,  ff*  dacribed  in  a  Letter  f ran 

iht  Hon.  William  Hamilton,  hit  Majesty  a  Envoi/  £»•  I 

traordinary  at  Napla,  to  the  Eari  of  hlo^ron,  PrtaideM  I 

of  t/ie  Royal  Society. 

Naples,  June  10,  176$,  1 
My  Lord, 

As  I  have  attended  particularly  to  ]]w  various  chitnges  of  Moual  ' 
Vesuvius,  from  the  17th  of  November  i/SJ,  the  day  of  my  arrival  \ 
at  iliis  capital,  I  flutter  myself,  that  my  observations  will  not  be  unr  \ 
acceptable  lo  your  lordihip,  especially  as  this  volcano  has  lately  < 
made  a  very  considerable  eruption.  I  shall  conliiie  myself  merely  |o.  ■< 
the  many  extraordinary  appearances  that  have  come  under  my  1 
inspection,  and  leave  their  explanation  lo  the  more  learned  in  natu*  A 
ral  philosophy. 

During  the  first  twelvemonllt  of  my  being  here,  I  did  not  [terceiva  \ 
any  remarkable  allenlion  in  the  mountain;  but  I  observed  tlic  ^ 
smoke  from  the  mouth  of  the  volcano  was  much  more  considerable  \ 
in  bad  weather  ihan  when  it  was  fnir :  and  I  often  heatd  (even  at  i 
Naples,  six  miles  from  Vesuvius)  in  bad  weather,  the  report  of  lh«  1 


•  Kr.  Addit. 
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inward  explotioiis  of  the  mooofain.  When  I  hare  been  at  the  top 
of  MouDt  Vesaviiu  id  foir  weatber,  1  have  soiuetimes  found  so  little 
smoke  that  1  have  been  able  to  see  far  down  the  mouth  of  the  vol- 
cano, the  sides  of  which  were  incrtisted  with  salts  and  minerals  of 
various  colparSy  white,  green,  deep  and  pale  yellow.  The  sniokr 
that  issued  from  the  mouth  of  the  volcano  in  bad  weather  was 
white,  very  moist,  and  not  near  so  offensive  as  the  sulphureous  steams 
from  various  cracks  on  the  sides  of  the  mountain. 

Towards  the  month  of  September  last,  I  perceived  the  smoke  to 
be  more  considerable,  and  to  continue  even  in  fair  weather ;  and  in 
October  I  perceived  sometimes  a  puff  of  blade  smoke  shoot  up  a 
considerable  height  in  tlie  midst  of  the  white,  which  symptom  of  an 
approaching  eruption  grew  more  frequent  daily  |  and  soon  after, 
these  puffs  of  smoke  appeared  in  the  night  tinged  like  clouds  with 
the  setting  sun. 

About  the  beginning  of  November  I  went  up  the  mountain ;  it 
was  then  covered  with  snow,  and  I  perceived  a  little  hillock  of  sul* 
phur  had  been  thrown  up  since  my  last  visit  there,  within  about  forty 
yards  of  tlie  mouth  of  the  volcano;  it  was  near  six  feet  high,  and  a 
light  blue  flame  issued  constantly  from  its  top.  As  I  was  eaamining 
this  phenomenon,  I  heard  a  violent  report,  and  saw  a  column  of  black 
smoke  followed  by  a  reddish  flame,  shoot  up  with  violence  from 
the  mouth  of  the  volcano^  and  presently  fell  a  shower  of  stones,  one 
of  which  falling  near  me,  made  me  retire  with  some  predpitatioD, 
and  also  rendered  me  more  cautious  of  approaching  too  near,  m  my 
subsequent  joumies  to  Vesuvius. 

From  November  to  the  28th  of  March,  the  date  of  the  beginning 
of  this  eruption,  the  smoke  increased  and  was  mixed  with  ashes, 
which  fell,  and  did  great  damage  to  the  vineyards  in  the  neighbour- 
hood of  the  mountain.  A  few  days  before  tlie  eruption  I  saw  (what 
Pliuy  the  younger  mentions  having  seen,  before  that  eruptioo  of  Ve- 
suvius which  proved  fatal  to  his  uncle)  the  black  smoke  take  the 
form  of  a  pine-tree.  The  smoke  that  appeared  black  in  the  day 
time  for  near  two  months,  before  the  eruption  had  the  appearance 
of  flame  in  the  night. 

^  On  Good  Friday,  the  28th  of  March,  at  seven  o'clock  at  night,  the 
lava  began  to  boil  over  the  mouth  of  the  volcano^  at  first  in  one 
stream;  and  soon  after,  dividing  itself  into  two,  it  took  its  course 
towards  Portici.    It  was  preceded  by  a  violent  explosion,  which 
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raiiMt)  a  partial  earthquake  in  the  neigh bourbood  of  ibe  mounlam, 
■nd  a  shower  of  red-hot  stones  and  cinders  were  thrown  up  to  a 
considerable  height.  Immediately  upon  sight  of  ibe  lava,  I  lell 
Naples  with  a  party  of  my  countrjimen,  whom  I  found  as  impatient 
as  uijself  to  saiist^  their  curiositj'  in  examiniug  so  curious  an  opera- 
tion of  nature.  1  passed  the  whole  night  upon  the  mountain;  and 
observed  thnti  though  the  red-bot  stones  were  thrown  up  in  much 
greater  nuuiherund  lo  a  more  considfrable  beiglit  than  before  the  ap- 
pearance of  the  lava,  yet  the  report  was  much  less  considerable  ibau 
•ome  dajs  before  the  eruption.  Tlie  lava  ran  near  a  mile  in  an 
hour's  time,  when  the  two  branches  joined  in  a  hollow  on  the  side 
of  the  mountain,  without  proceeding  farther.  I  approached  the 
mouth  of  the  volcano,  as  near  as  I  could  with  prudence;  the  lava 
had  the  appearance  of  a  river  of  red-hot  and  liquid  metal,  such  as 
wr  see  in  ihe  glass-hotises,  on  which  were  large  floating  cinders  half 
Itghlcd,  and  roiliug  one  over  another  with  great  precipitation  down 
tlieside  of  the  mountain,  forniiDg  a  most  beautiful  and  uncommon 
cascade ;  the  culu^r  of  the  tire  was  much  paler  and  brighter  on 
the  fint  lUati  the  subsequent  nights,  when  it  became  of  a  deep 
red.  probably  owing  to  its  having  been  more  impregnated  with  aul- 
pburat  Ant  thaQ  afterwards,  [n  the  day  lime,  unless  you  are  quite 
close,  Ilie  lava  has  no  appearance  of  fire  ;  but  a  thick  white  araoke 
nutrkt  its  coarse. 

The  Zptb  the  mountain  wasi  very  quiet,  anit  the  lava  did  not  ror»- 
limie.  Tbe  30th  it  began  to  flow  a^ain  in  the  same  direction,  whilst 
the  moulh  of  ihe  volcano  threw  up  every  minute  a  girandole  of  red- 
hot  stones,  (o  an  immense  height.  The  3lsl  I  passed  the  night 
upon  the  mountain  ;  the  lava  was  not  so  considerable  as  the  tint 
night,  but  the  ri^d-liot  stones  were  perfectly  transparent,  some  of 
which  I  dare  say  of  a  ton  weight,  mounted  at  least  200  feel  peqien- 
dicular,  and  fell  in,  or  near  the  mouth  of  a  little  mountain,  that 
nas  DOW  formed  by  the  quantity  of  ashes  and  stones,  within  the 
great  mouth  of  the  volcano,  and  which  made  Ihe  approach  much 
tafcT  than  it  bad  been  some  days  before,  when  the  moulh  was  near 
half  a  mile  in  circumlt-rence,  and  the  stones  took  every  direction. 
Mr.  Hervey,  brother  to  the  Earl  of  Drisiol,  was  verv  much  wounded 
in  the  arm  some  days  before  the  erujiiion,  having  approached  ton 
near;  and  two  English  geullemeu  with  him  were  also  hurt.  It  is 
impoHible  to  describe  the  beautiful  ap|)earancc  of  these  girandoles 
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of  red-hot  stones,  far  surpassing  the  most  astonishing  artificial  fiie- 
worfc. 

From  the  31  St  of  March  to  the  pth  of  April,  the  kva  contimwd 
an  the  same  side  of  the  niouotain  in  two>  three,  and  sonietimea  Ibor 
bnncbesy  without  descending  much  lower  than  the  first  night*  I 
itmarked  a  kind  of  intermission  in  the  fever  of  the  mountain^  which 
teemed  to  return  with  violence  every  other  night.  On  the  toth  of 
April  at  night  the  lava  disappeared  on  the  side  of  the  mountain  to* 
wards  Naples,  and  broke  out  with  much  more  violence  on  the  side 
next  the  Torre  dell*  Annnnciata. 

I  passed  the  whole  day  and  the  night  of  the  13th  upon  the  moon- 
tain,  and  followed  the  course  of  the  lava  to  its  very  source ;  it  burrt 
out  of  the  side  of  the  mountain,  within  abont  half  a  mile  of  the 
mouth  of  the  volcano,  like  a  torrent,  attended  with  violent  expio* 
sioas,  which  threw  up  iuOamed  matter  to  a  considerable  height,  the 
acliacent  ground  quivering  like  the  timbers  of  a  water-mUl ;  the  beat 
of  the  lava  was  so  great  as  not  to  soiler  me  to  approach  nearer 
than  within  ten  feet  of  the  stream,  and  of  such  a  consistency  (though 
ft  appeared  liquid  as  water)  as  almost  to  resist  the  impressioB  of  a 
a  long  stick,  with  which  I  made  the  experiment ;  and  large  stones 
thrown  on  it  with  all  my  force  did  not  smk,  bot«  making  a  dight 
impression,  floated  on  the  surface,  and  were  carried  out  of  sight  m 
a  short  time ;  for,  notwithstanding  the  consistency  of  the  lava^  it  lan 
with  amaxing  velocity ;  1  am  sure,  the  first  mile  with  a  rapidity 
equal  to  that  of  the  river  Severn,  at  the  passage  near  Bristol.  The 
stream  at  its  source  was  about  ten  feet  wkle,  but  soon  extended 
itself,  and  divided  into  three  branches,  so  that  these  rivers  of  fire 
communicating  theur  heat  to  the  cinders  of  former  lavas,  between 
one  branch  and  the  other,  had  the  appearance  at  night  of  a  conti- 
nued slieet  of  fire,  four  miles  in  length,  and  in  some  parts  near  two 
in  breadth.  Your  lordship  may  imagine  the  glorious  appearance  of 
thb  uneonunon  scene,  such  as  passes  all  description. 

The  lava,  after  having  run  pure  for  about  100  yards>  began  to 
collect  cinders,  stones,  Ac  and  a  scum  was  formed  on  its  surfkce, 
which  in  the  day  time  had  the  appearance  of  the  river  Thames,  as  I 
have  seen  it  after  a  hard  firost  and  great  fall  of  snow,  when  begin- 
ning fo  thaw,  carrying  down  vast  masses  of  snow  and  ice.  In  two 
pkces  the  liquid  lava  totally  disappeared,  and  ran  m  a  subterraneous 
passage  for  some  paces,  then  came  out  again  pure,  having  left  the 
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Kum  befaini).  la  this  inaoDcr  it  advanced  lo  the  cultivated  parts  of 
tbe  mouQlaiii ;  and  I  saw  it  the  same  nigtit  of  tiie  I2lli,  unmercirully 
destroy  a  poor  man's  vineyard  and  surtuund  liis  cottage,  notwilh- 
slandint!  the  opposition  of  many  images  of  St.  Junnarius,  tbat  were 
placed  upon  the  cottage,  and  tied  to  almost  every  vine.  The  lavai 
at  the  farihest  extremity  from  its  source,  did  not  appear  liquid,  bat 
like  a  lieap  of  red-hot  coals  forming  a  wall,  in  some  places  ten  or 
twelve  feet  lilgli,  which  rolling  from  the  lop  soon  formed  another 
wall,  and  so  on,  advancing  slowly  not  more  than  about  thirty  feet  in 
an  hoar. 

Tlie  muulli  of  the  volcano  has  not  thrown  up  any  large  stones 
since  the  second  eruption  of  lava,  on  the  lOlh  of  April,  but  has 
thrown  up  ijuanlitics  of  small  ashes  and  pumice-stones,  that  have  | 
greatly  damaged  the  neighbouring  vineyards.  1  have  been  seven!  I 
times  at  the  mouulain  since  the  iStb;  but  as  the  eruption  was  inila  f 
greatest  vigour  at  that  time,  I  have  ventured  to  dwell  on,  and  I  feu  ' 
lire  your  lordship  with  the  observations  of  that  day.  .,  j 

lu  my  last  visit  to  Mount  Vesuvius  the  3d  of  June,  I  stilt  found 
that  the  iava  continued,  but  the  rivers  were  become  rivulets,  and  had 
lost  mucb  of  their  rapidity.  Tlie  (|uanlity  of  matter  thrown  out  bj 
Ibis  eruption,  is  greater  than  that  of  the  last  in  the  year  1760,  but 
the  damage  lo  the  cultivated  lands  is  not  so  considerable,  owing  to 
its  having  spread  itself  much  more,  and  its  source  being  at  least 
three  miles  higher  up.  This  eruption  seemi  now  to  have  exhausted 
itself;  and  I  expect  in  a  few  days  to  see  Vesuvius  restored  to  its 
fanner  tranquillity. 

Mount  Etna  in  Sicily  broke  out  the  27lh  of  April,  aud  made  a  lava  , 

stream  in  tno  branches,  at  least  six  miles  in  length,  and  a  mile  in 
breadth,  accordiug  lo  llie  description  given  me  by  Mr.Wilbraham, 
who  was  there,  after  having  seen  with  me  part  of  the  eruption  of 
mount  Etua.  Vesuvius  resembles  it  in  every  respect,  except  that 
mount  Etna,  at  the  place  from  wheuce  the  lava  flowed  (which  was 
twelve  miles  from  the  mouth  of  the  volcano),  threw  up  a  lountaiu  of 
liquid  mflamed  matter  to  a  conuderable  height;  which,  I  am  told, 
mount  Vesuvius  has  done  in  former  eruptions. 

I  beg  pardon  for  having  taken  up  so  much  of  your  time,  and  yet 
1  flatter  myself,  that  mj  description,  which  I  assure  your  lordship  is 
not  ciaggerated,  will  have  afforded  you  some  anm^nieut. 

[Phil.  Trant.  1767.] 
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SECTION  III. 

General  Observations  on  the  preceding  Section,  as  described  in 
a  Letter  from  the  same  to  Matthew  Maty,  M.  D.  Se- 
cretary  to  the  Royal  Society. 

Villa  Angelica,  ii«ir  Mount  Vesuvius, 

October  4,  1768. 

Sib, 

I  HAVE  but  very  lately  received  your  la$t  obliging  letter  of  tbe  5tb 
of  July,  witb  tbe  volume  of  Pbilosopliical  Transactions. 

I  must  beg  of  you  to  express  my  satisfaction  at  the  notice  the 
Royal  Society  have  been  pleased  to  take  of  my  accounts  of  the  two 
test  eruptions  *  of  Mount  Vesuvius.  Since  1  have  been  at  my  villa 
bere,  I  have  enquired  of  the  inhabitants  of  the'mountaiu  after 
what  they  bad  seen  during  the  last  eruption.  In  my  letter  to  Lord 
Morton,  I  mentioned  nothing  but  what  came  immediately  tinder  my 
own  observation :  but  as  all  the  peasants  here  agree  iu  their  account 
of  the  terrible  thunder  and  lightning,  which  lasted  almost  the  whole 
time  of  the  eruption,  upon  the  mountain  only ;  I  think  it  a  circum- 
stance worth  attending  to.  Besides  the  lightning,  which  perfectly 
resembled  tbe  common  forked  lightning,  there  were  many  meteors, 
Ifte  what  are  vulgarly  called  fatling  stars.  A  peasant,  in  my  neigh* 
bourhood,  lost  eight  hogs  by  the  ashes  falling  into  the  trough  with 
their  foo  d:they  grew  giddy,  and  died  in  a  few  hours.  The  last  day 
of  the  eruption,  the  ashes,  which  fell  abundantly  upon  the  mountam, 
were  as  white  almost  as  snow ;  and  the  old  people  here  assure  me, 
that  is  a  sure  symptom  of  the  eruption  beiug  at  an  end.  These  cir- 
cumstances being  well  attested,  I  thought  worth  relatiug. 

It  would  require  many  years  close  application,  to  give  a  proper 
and  truly  philosophical  account  of  the  volcanoes  in  the  neighbour- 
hood of  Naple:»:  but  I  am  sure  such  a  history  might  be  given, 
supported  by  demonstration,  as  would  destroy  every  system  hitherto 
given  upon  this  subject.  We  have  here  au  opportunity  of  seeing 
volcanoes  in  all  their  states.  I  have  been  this  summer  in  the  island 
of  Ischia ;  it  is  about  eighteen  miles  round,  and  its  whole  basis  is 
lava.  The  great  mountain  in  it,  near  as  high  as  Vesuvius,  fbrmerij 
called  Epomeus,  aud  now  San  Nicolo,  1  am  convinced  was  thrown  op 

by  degrees ;  and  I  have  no  doubt  in  my  own  mind,  but  that  the 

*  

•  Sir  WUliam  in  this  passage  refers  to  a  second  letter  upon  the  same  8iiluect« 
which  we  have  not  thooght  it  necessary  to  copy^— £di7or. 
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islanfl  itself  ro»e  out  of  the  sea  in  the  same  manner  as  Mine  of  tbe 
Axotei.  1  am  of  llie  same  opibioii  with  respect  to  Mount  Vesuviui, 
and  all  the  high  gruundi  Dear  Naples ;  as  having  not  yet  seen,  in  any 
one  place,  what  can  hi-  called  virL;iu  earth.  I  had  the  pleasure  of 
*eehi^  a  well  sunk,  a  few  days  ago,  near  my  villa,  wliich  is,  as  yon 
know,  at  the  foot  of  Vesuvius,  aud  close  by  ilie  sea  side.  At  twenty 
five  feet  below  the  level  of  the  sea  they  came  to  a  stratum  of  la*a> 
and  tiod  knows  how  much  deeper  they  might  have  still  found  other 
lavas.  The  soil  all  round  the  mounrain,  which  is  so  fertile,  consitU 
of  stralas  of  lavas,  ashes,  pumice,  and  now  and  then  a  thin  stratum 
of  good  earth,  which  good  earth  is  produced  hy  the  surface  moulder- 
ing, and  the  rotting  of  the  roots  of  plants,  vines,  Jkc.  This  is  plainly 
to  be  seen  at  Pompeii,  where  they  are  now  digging  into  the  ruins  of 
that  ancient  city ;  the  houses  ure  covered,  about  ten  or  fifteen  feet, 
with  pumice  and  fragments  of  lava,  some  of  which  weigh  three 
pounds  (which  last  circumstance  1  mention  to  shew,  that,  in  a  great 
eruption,  Vesuvius  has  thrown  stones  of  this  weight  six  miles,  wbidi 
is  its  dutance  from  Pompeii,  in  a  direct  line);  upon  this  stratum  of 
pumice,  or  rapilli,  as  they  call  them  here,  is  a  stratum  of  excellent 
nmuid,  about  two  feet  thick,  on  which  grow  large  trees,  and  excel- 
lent  grapes.  We  have  then  the  Solfaterra,  which  was  certainly  a 
volcano,  and  has  ceased  from  operating,  forwant  of  metallic  particles 
and  over-abounding  wilh  sulphur.  You  may  trace  its  lavas  into  the 
^A.  We  have  tbe  Lago  d'Avemo,  and  the  La^o  dAgnano,  both  of 
which  were  formerly  volcanoes;  and  Astroni,  which  still  retains 
its  form  more  than  auy  of  these,  lis  crater  is  walled  rouud,  and  his 
Sicilian  majesty  takes  the  diversion  of  boar  hunting  in  ibis  volcano ; 
and  neither  hb  majesty,  or  any  one  of  his  court,  ever  dreamed  of  lis 
former  stale.  We  have  then  th&t  curious  mountain,  called  Mon- 
tagno  Nuovo,  near  Puzzoir,  which  rose,  in  one  night,  out  of  tbe 
Lucnne  Lake;  it  is  about  tSO  feet  high  and  ihree  miles  round.  I 
do  Dot  think  it  more  extraordinary,  that  Mount  Vesuvius,  in  many 
ages,  should  rise  above  3000  feet ;  when  this  mountain,  as  is  well 
attested,  rose  in  one  nigbl,  no  longer  ago  than  the  year  153B.  1 
have  a  project,  next  spring,  of  passing  some  days  at  Puzzole,  and  of 
dissecting  this  mountaio,  taking  ils  measures,  and  making  drawings 
of  its  stratas  ;  for,  I  perceive,  it  is  composed  of  stratus,  like  Mount 
Vesuvius,  but  without  lavas.  As  this  mountain  is  so  uudouhledly 
formed  entirely  from  a  plane,  I  should  think  my  project  may  give 
light  into  the  formation  of  many  other  mountains,  (hat  are  at  preient 
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thoiigbf  to  have  been  origiimly  and  are  certainly  not  so,  if  tbeir 
strata  correspond  with  those  of  the  Montagno  Nooto.  I  should 
be  glad  to  know  whether  you  think  thi^  project  of  mine  will  be  use- 
ful ;  and,  if  you  do,  the  result  of  my  observations  may  be  the  sub- 
ject of  another  letter. 

1  cannot  have  a  greater  pleasure  than  to  employ  my  leisure  hours 
in  what  may  be  of  stfme  little  use  to  mankind ;  and  my  lot  has 
carried  me  into  a  country,  which  affords  an  ample  field  for  observa- 
tioD.  Upon  the  whole,  if  I  was  to  establish  a  system,  it  would  be, 
that  moimtains  are  produced  by  volcanoes,  and  not  volcanoes  by 
mountains. 

I  fear  I  have  tired  you:  but  the  subject  of  volcanoes  is  so 
fiivourite  a  one  with  me,  that  it  has  led  me  on  I  know  not  how :  I 
shall  only  add,  that  Vesuvius  is  quiet  at  present,  though  very  hot  at 
top,  where  there  is  a  deposition  of  boiling  sulphur.  The  lava  that 
run  in  the  Fossa  Grande  during  the  last  eruption,  and  b  at  least  300 
fifiet  thick,  is  not  yet  cool ;  a  stick,  put  into  its  crevices,  takes  fire 
immediately.  On  the  sides  of  the  crevices  are  fine  crystalline  silts: 
as  they  are  the  pure  salts,  which  exhale  from  the  lava  that  has  no 
communication  with  the  interior  of  the  mountain^,  they  may  perhaps 
indicate  the  composition  of  the  lava, 

[Phil.  Trams.  17^.] 

SECTION  IV. 

Eruption  of  Vesuvius  in  1799*  o^  described  in  a  Letter /rom 
Sir  William  Hamilton,  K.  B.  F.  R*S.  ^o  Joseph 
Banks,  Esq.  F.R.S. 

Naples,  Octa^  1, 1779. 
Sir, 
The  late  eruption  of  Mount  Vesuvius  was  of  so  singular  a  satire, 
so  very  violent  and  alarming,  that  it  necessarily  attracted  the  attei^ 
tion  of  every  one,  not  only  in  its  immediate  neighbourhood,  but  tor 
many  miles  aroimd  ;  and,  consequently,  several  slight  descripCiQiisof 
it  have  been  already  handed  about,  and  some  (as  I  am  lafoiaMd) 
more  accurate  and  circumstantial  are  preparing  for  the  press*. 

*  Tht  inhabitants  of  this  great  city  in  {[eneVal  gi^e  so  little  attentioB  to 
MooBt  Yesafiiii,  though  in  full  Tiew  of  the  greatest  part  of  it,  that  1  aai  well 
eoBfiacad  oawy  of  iu  eruptions  pass  tottdly  unnoticed  t>y  at  least  tw*-tiUrdi  of 
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Thai  oo  which  the  Ahhol  BottU  is  actually  employed,  by  com- 
mmd  of  hii  Sicilian  (Vfajcaty,  will  undoubledly  be  executed  wilh  Ihe 
miK  accuracy,  Imlh,  and  precision,  as  hnve  rendered  that  author'i 
fonner  publications  upon  the  subject  of  Mount  Vesuvius  so  univer- 
sally  anddeservedly  esteemed. 

Such  a  publication,  executed  with  magnilicence  in  the  royal 
priming  office,  may,  perhaps,  render  every  otiitr  account  of  the  late 
eniptioci  superfluous :  nevertbeleM,  I  should  think  myself  iu  some 
degree  guilty  of  a  ticglect  towanis  ihe  Royal  Society,  who  have  dotte 
JO  nudi  honour  to  my  former  com muuical ions,  if  I  did  not,  through 
the  respectable  channel  of  its  worthy  president,  and  my  good  friend, 
simply  relate  to  iheni  such  reiunrkable  circumstances  as  attended 
the  late  tremendous  explosions  of  Mount  Vesuvius,  and  as  either 
came  immediaiely  under  my  own  inspection,  or  have  been  related  to 
me  by  such  good  auiborily  as  cannot  be  cnlied  in  question. 

Since  the  great  eruptiou  of  1767,  of  which  I  bad  the  honour  of 
giving  a  particular  account  to  the  Royal  Society,  Vesuvius  has  never 
been  free  from  smoke,  nor  ever  many  months  without  throwing  up 
red-hot  scoriK,  wliicb,  increasing  to  a  certain  degree,  were  usually 
Ibllowed  by  a  current  of  liquid  lava;  and,  except  in  the  eruption  of 
I777t  Ihofc  lavas  broke  out  nearly  from  the  same  spot,  and  ran 
much  i»  the  same  direction,  as  that  of  the  tamous  eruption  of 
1767. 

No  less  than  nine  luch  eruptions  are  recorded  here  since  the 
great  one  above-mentioned,  and  some  of  tfaem  were  considerable. 
I  never  tailed  visiting  those  lavas  whilst  they  were  in  full  farce,  and 
B3  constantly  examined  itiem  and  the  crater  of  Ihe  volcano  af\er  the 
ceasing  of  each  eruption  *. 

It  would  he  but  a  repetition  of  what  lias  been  described  in  my 
former  letters  on  tbb  subject,  were  [  to  relate  my  remarks  on  those 
different  expeditions.  The  lavas,  when  they  either  boiled  over  the 
crater,  or  broke  out  from  the  conical  parts  of  the  volcano,  cou- 


*  Tlie  lail  vUll  tu  the  [ml?r  of  Vesuviiu,  which  »H>  in  the  monlh  of  May, 
lTn,wai  my  Hf)y-<igfalh,  sDii  (o  be  lure  1  have  been  fauriimn  aioncnon  parls 
of  the  noanUin,  vilboul  rlimbing  (0  i(«  lUDimlt,  and  aflcr  all  am  not  atJmnei 
Id  dwh,  that  t  comprrhrnd  \rty  little  of  Ihe  KDRdrn  1  havr  teen  in  this  grcai 
Uboratory  of  nalare  ;  yet  there  have  brrn  oaturaliili  of  inch  a  wonderful  penr- 
trating  scniiu,  u  (a  turn  IhouFht  thenuclvFi  nilSclenlly  qualiBed  loaccoiuil  fi" 
erery  hidden  phenomrDOD  of  VetuvliM,  arter  haviDK,  literally  ipeaklnc,  civcn 
tke  volcano  wi  coup  iTait. 
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stautljT  formed  diauneU  as  regular  as  if  fhey  had  been  cut  by  art 
down  the  steep  |Nirt  of  the  roountab,  and,  whilst  in  a  slate  of  per* 
feet  fusion,  continued  their  courK  in  those  channelsy  which  wete 
sometimes  fiiil  to  the  briB»  and  at  other  times  more  or  lest  so,  ac* 
cording  to  the  quantity  of  matter  in  motion. 

These  channels,  upon  examination  after  an  eruption,  I  have 
found  to  be  in  general  from  two  to  five  or  six  feet  wide,  and  seven 
or  eight  feet  deep.  They  were  often  hid  from  the  sight  by  a  quantity 
of  scorim  that  had  formed  a  crust  over  them,  aud  the  lavm  having 
been  conveyed  in  a  covered  way  for  some  yards,  came  out  fresh 
again  into  an  open  channel.  After  an  eruption  I  liave  walked  in 
some  of  those  subterraneous  or  covered  galleries  which  were  exceed* 
ingly  curious,  the  sides,  top,  and  bottom,  being  worn  perfectly 
smooth  and  even  in  most  parts  by  the  violence  of  the  cnneuts  of 
the  red-hot  lavas,  which  they  had  conveyed  for  many  weeks  sucoes* 
sively  ;  in  others,  the  lava  had  incrusted  the  sides  of  those  channeb 
with  some  very  extraordinary  scoridt :  beautifully  ramified  with  white 
salts,*  in  the  form  of  dropping  stalactites,  were  also  attsched  to 
many  parts  of  the  ceiling  of  those  galleries.  It  is  imagined  heie, 
that  the  salts  of  Vesuvius  are  chiefly  ammoniac,  though  often 
tinged  with  green,  deep,  or  pale  yellow,  by  the  vapour  of  various 
minerals. 

In  the  month  of  May  last,  there  was  a  considerable  eruption  of 
Mount  Vesuvius,  when  1  passed  a  night  on  the  mountain  in  the  com* 
pany  of  one  of  my  countrymen,,  as  eager  as  myself  in  the  pursuit  of 
thb  branch  of  natural  history  f  • 

We  saw  the  operation  of  the  lava,  in  the  channeb  as  abovemen* 
tioned,  in  the  greatest  perfection  ;  but  it  was,  indeed,  owing  to  our 
perseverance,  and  some  degree  of  resolution.  After  the  iavn  had 
quitted  its  regular  channels,  it  spread  itself  in  the  valley,  and, 
being  loaded  with  scoria,  ran  gently  on,  like  a  river  that  had  been 
frozen,  and  had  masses  of  ice  floating  on  it :  the  wind  changing 
when  we  were  close  to  this  gentle  stream  of  lava,  which  might  be 
about  fifty  or  sixty  feet  in  breadth,  incommoded  us  so  much  with  its 
heat  and  smoke,  that  we  must  have  returned  without  having  satiified 


•  I  sent  a  large  specimen  of  this  curions  volcanic  prodnctioa  to  tbc  BritiA- 
Bf  BWiB  lift  ytvr, 
t  Mr.  Bowdler,  of  Batb. 
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our  curiosity,  hati  not  our  guide'  proposed  the  expedient  of  iralking 
noma  it,  which,  to  our  aslonishmeot,  he  instantly  put  in  execution, 
and  with  so  liltk  difficulty,  that  we  followed  him  witliout  besita- 
'  tlop,  having  felt  no  other  iiironveniency  than  what  proceeded  from 
ihe  violence  of  the  beat  on  our  legs  and  feet ;  the  crujt  of  the  lava 
sras  so  lough,  besides  being  loaded  wiih  cinders  and  scoriee,  that 
our  weight  made  not  the  least  tmpressiou  on  it,  and  its  motion  was 
•o  slow,  that  we  were  not  in  any  d<inger  of  losing  our  balance  and 
Ailing  on  it  :  however,  this  experiment  should  not  be  tried  except 
■1  cases  of  real  necessity  ;  and  I  mention  it  witli  no  oltier  view  than 
to  point  out  a  possibility  of  escaping,  should  any  one  hereatler, 
'  upon  such  an  expedition  as  oura,  have  the  miiforfune  to  be  inclosed 
between  two  currents  of  lava. 

Having  thus  got  rid  of  the  troublesome  heat  and  stnoke,  we 

coasted  the  river  of  lava  and  its  chauneU  up  to  its  very  source, 

»ilbin  a  iiiarter  of  a  mile  of  the  crater.     The  liquid  and  red-bot 

matter  bubbled  up  violently,  with  a  hissing  and  crackling  noise, 

'i  like  that  which  attends  Ihe  plaving  oft'of  an  arliticial  lirework ;  and, 

by  Ihe  cfMitinuil  s]>las!iing  up  of  the  vitrilied  matter,  a  kbd  of  arch 

or  dome  was  formed  over  Ihe  ctevrce  from  which  Ihe  lava  issued. 

It  was  cracked  in  many  parts,  and  ap|Kared  red-hut  within,  tike  an 

.  bested  uvea  :  this  hollowed  hillock  might  be  about  tifleeu  feet  high, 

and  Ihe  lava  that  ran  from  under  it  waj  received  into  a  regular 

channel,  raised  upon  a  sort  of  wall  of  icerue  and  cinders  almost 

.  perpendicularly, of  about  the  height  of  eight  or  ten  feel,  resembling 

tuucli  an  ancient  aqueduct. 

We  then  went  up  to  the  crater  of  the  volcano,  in  which  we  found, 

-   as  usual,  a  little  mountain  throwing  jcnrir  and  red-hot  matter  with 

•  loud  explosions  ;  but  the  smoke  and  smell  of  sulphur  was  so  inlo- 

'  lerable,  that  we  were  under  the  necessity  of  quitting  that  curious 

apot  with  the  utmost  precipitation. 

In  another  of  my  excursions  lo  Mount  Vesuvius  last  year,  I  picked 
'  up  some  tragments  of  large  and  regular  crystals  of  close-grained 
.  lava  or  basalt,  the  diameter  of  which,  wheu  the  prisms  were  com- 
plete, may  have  been  eight  or  nine  inches.     As  Vesuvius  does  not 
cabibit  any  lavas  regularly  crystallized,  and  forming  what  are  vul- 
garly  called  Giants  Causeways  (except  a  lava  that  ran  into  the  lea 

wlin  bai  nllriuled   me  an  lU  Bi> 
ricclleiit  fuiile. 
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iiearTorre  del  Greco  in  1631,  and  which  in  a  snudl  degree  has  tadi 
an  appearance),  this  diiCOTery  gave  me  the  greatest  pleasiiie  \ 

After  th'ts  slight  sketch,  of  the  most  remukaMc  events  on  Yen* 
▼ins  since  the  year  1767*  which  I  flatter  myself  will  act  lie  wmc- 
ceptable,  as  it  may  serve  to  comiect  wliatl  aoi  going  to  leiatc  with 
what  has  already  been  communicated  to  the  Society  in  mjfoimcr 
letters  on  the  same  subject,  I  come  to  the  account  of  thit  kle 
eruption,  which  affords  indeed  ample  matter  for  curious 

As  many  poetical  descriptions  of  this  eruption  will  not  be 
I  shall  con6ne  mine  to  simple  matter  of  fact  in  plain  pvoa^  and 
endeavour  to  convey  to  you,  Sir,  as  clearly  and  at  <QBtinclly  aa  I  am 
able,  what  I  saw  myself,  and  the  impression  it  nlade  upoD  mut  at 
the  time^  without  aiming  in  the  least  at  a  flowery  style. 

The  usual  symptoms  of  an  approaching  emption»  such  nannnMing 
noises  and  explosions  within  the  bowels  of  the  volcano,  n  ^nantity 
of  smoke  issuing  with  force  from  its  crater,  accompanied  at 
with  an  emission  of  red-hot  icofiie  and  ashes,  were  manifleat, 
or  less,  during  the  whole  month  of  July  ;  and  towards  tbc  end  of 
the  month,  those  symptoms  were  increased  to  such  a  degree  as  to 
exhibit  in  the  night*tune  the  most  beautiful  fire*worka  that  can  be 
imagined. 

These  kinds  of  throws  of  red-hot /con*  and  other  vokanaenntter, 
which  at  night  are  so  bright  and  luminous,  appear  in  broad  day- 
light like  so  many  black  spots  in  (he  midst  of  the  white  smoke  ;  aad 
it  is  this  circumstance  that  occasions  the  vulgar  and  false  suppontiaa, 
that  volcanoes  burn  much  more  violently  at  nig|bt  than  in  the 
day-time. 

On  Thursday,  the  5th  of  August  last,  about  two  o*dock  in  the 
afternoon,  I  perceived  from  my  villa  at  Pausilipo  in  the  hay  of 
Naples,  from  whence  I  have  a  full  view  of  Vesuvius  (which  is  just 


«  As  the  fragmenti  of  banlt  colomnt,  which  I  foond  00  the  coae  of  Vesi- 
▼ius,  had  been  evidently  UirowD  oat  of  its  crater,  may  not  lava  l>e  mort  salncct 
to  crystallize  within  the  bowels  of  a  volcano  than  after  itt  cmi«ioB,  and  lavw 
fog  been  exposed  to  the  open  air  ?  And  may  not  many  of  the  Giaato*  Cam^ 
ways,  already  discovered,  be  the  nuclei  of  volcanic  mountains,  wfcoae  lirirtcff 
and  less  solid  parts  may  have  been  worn  away  by  the  hand  of  time  ?  Mr.  Ite- 
jais  de  St.  Fond,  in  his  curious  book  lately  published,  and  intitlcd,  *<  Redur- 
ches  sur  les  Volcains  eteints  dn  Vivarais  et  du  Velay,"  gives  (p,  886)  an  eaapk 
of  basalt  columns,  that  are  placed  deep  within  rtie  crater  of  an  extittaiAed 
vokaao* 


r. 
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oppoaite,  and  at  the  distance  of  about  lix  miles  in  a  direct  liue  from 
it)  (bat  (lie  volcano  was  in  u  most  violeut  agitation  -  a  nrhite  aad 
lulpliurfous  siuuke  issued  conliiiually  and  ini|)etuously  from  its 
crater,  one  puff  impelling  another,  and  by  an  accumulation  of 
tbose,  clouds  of  smoke  resembling  bales  of  the  whitest  cotton. 
Such  a  mass  of  them  was  soon  piled  over  the  top  of  the  volcano  aa 
exceeded  the  height  and  size  of  the  mountain  itself  at  least  four 
times.  In  the  midst  of  this  very  while  smoke,  an  immense  quantity 
of  itones,  icitTu,  and  ashes,  were  stiot  up  to  a  wonderful  height, 
certainly  not  less  than  two  thousand  feet.  I  could  also  perceive,  by 
tbe  help  of  one  of  Ratnsden's  most  excellent  refracting  telescopes, 
at  times,  a  quantity  of  liquid  lava,  seemingly  very  weighty,  just 
heaved  up  high  enough  to  clear  the  rim  of  the  crater,  and  then  take 
its  course  impetuously  down  tbe  ^leep  side  of  Vesuvius,  opposite  to 
Somma.  Soon  after  a  lava  broke  out  on  the  same  side  from  about 
tbe  middle  of  the  conical  part  of  the  volcano,  and,  baviag  run  with 
violence  some  hours,  ceased  suddenly,  just  before  it  bad  arrived 
at  the  cultivated  parts  of  the  mountain  above  Porticj,  near  four 
miles  from  the  spot  where  it  issued. 

During  this  day's  eruption,  as  I  have  been  credibly  informed 
aiDce,  the  heal  was  intolerable  at  the  Ioh  ns  of  Somma  and  Ottaiano  ; 
and  was  likewise  seusibly  felt  at  Palma  and  Laoro,  which  are  much 
farther  from  Vesuvius  than  the  former.  Minute  aslies,  of  a  reddish 
faue,  fell  so  thick  at  Somuia  and  Ottaianoi  that  they  darkened  the 
air  in  such  a  manner  that  objects  could  not  be  distinguished  at 
the  distance  of  ten  feet.  Long  iilaroents  of  a  vitrified  matter  like 
9pua*glass  were  mined  and  fell  with  these  ashes';  and  the  sulphu- 
reous smoke  was  so  violent,  that  several  birds  in  cages  were  suflb- 
eated,  tbe  leaves  of  the  trees  in  the  neighbourhood  of  Somma  and 

•  During  an  eruption  of  thevalcBDoinllirlsk  of  Banrbon  in  IT6S,  lomFiDilM 
of  country,  >l  the  drslonce  of  ilx  lcii|;iin  from  that  volcano,  were  covered  with 
a  Oriible,  opiilary,  jrllon  ilau.  laait  pieret  of  which  were  Iwo  or  three  feet 
lung,  KilhrnnllTiireousglnliuleinlBlitlledisluiceonefroiDlheolher.  Cnuot 
BoSoD  (hewed  mr  »onie  of  Ihit  cspllliry  and  fleiibifl  glon,  which  i>  preterred 
in  Ibe  Royal  Mmeiun  at  Parii,  and  wliicti  perfecllj  rriemblei  tbe  Hlamenli 
of  vitrilied  DSItet  nhieb  fell  at  OUbibdo  and  in  other  parli  OD  At  borden  of 
Vciavio  diring  this  eruption.  Sorrentina,  in  bii  Itloria  del  Veiovto,  pub- 
■itbed  U  Naples  in  1734,  likewise  mentioni  tilriaed  Bialler,  likeherbsand 
Adw,  being  found  on  ibe  ground  in  the  neighlMiiulKKKl  of  VesnviiB  daring  an 
cnoUoii  of  that  mountiua  in  tbe  year  17^- 
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Ottaiano  were  covered  with  white  salts  very  corrosive.  About  two 
o'clock  in  the  afternoon,  an  extraordinary  g^obe  of  smoke,  of  a  veiy 
great  diameter,  was  distinctly  perceived,  by  many  of  the  inhabhaBto 
of  Porticii  to  issue  from  the  crater  of  Vesovius,  and  proceed  haitiiy 
towards  the  mountain  of  Somma,  against  which  it  struck  and  As- 
persed itself,  having  left  a  train  of  white  smoke,  markiag  the  ooitne 
it  had  taken :  thb  train  I  perceived  plainly  from  my  villa,  at  it  fattted 
some  minutes ;  but  I  did  not  see  the  globe  itself. 

-A  poor  labourer,  who  was  making  iaggots  on  the  moontaiB  of 
Somma,  lost  his  life  at  this  time,  and  hb  body  not  having  been 
found,  it  is  supposed  that,  suffocated  by  the  smoke,  he  must  have 
fallen  into  the  valley  from  the  craggy  rocks  on  which  he  was  at 
work,  and  been  covered  by  the  current  of  lava  that  took  its  connt 
through  that  valley  soon  after.  An  ass,  that  was  waiting  lor  its 
master  in  the  valley,  leA  it  very  judiciously  as  soon  as  the  mountaiB 
became  violent,  and,  arriving  safe  home,  gave  the  first  alarm  to  tMs 
poor  man's  family. 

It  was  generally  remarked,  that  the  explosions  of  the  toIcuio  were 
attended  with  more  noise  during  this  day's  eruption  than  in  any  af 
the  succeeding  ones,  when,  most  probably,  the  mouth  of  Vcsaviai 
was  widened,  and  the  volcanic  matter  had  a  freer  paasnge.  It  ii 
certain,  however,  that  the  great  eruption  of  1767  (which  m  ereiy 
other  respect  was  nuld,  when  compared  to  the  late  violent  eraptioo) 
occasioned  much  greater  concussions  in  the  air  by  its  louder 
explosions. 

Friday,  August  the  6th,  the  fermentation  in  the  mountain  wraskss 
violent ;  but,  about  noon,  there  was  a  loud  report,  at  which  time  it 
was  supposed,  that  a  portion  of  the  little  mountain  within  the 
crater  had  fallen  in.  At  night  the  throws  from  the  crater  increasedi 
and  proceeded  evidently  from  two  separate  mouths,  which  emitdi^ 
red«hot  scoruBf  and  in  different  directions,  formed  a  ■u>st  bcnntifiA 
and  almost  continued  fire^work. 

On  Saturday,  August  the  Jtb,  the  volcano  remauied  much  in  tbe 
same  state;  but,  about  twelve  o'clock  at  nighty  its  fennentatioa 
increased  greatly.  The  second  fever-fit  of  the  mountain  may  be 
said  to  have  manifested  itself  at  this  time.  I  was  watching  its  no- 
tions from  the  mole  of  Naples,  which  has  a  full  view  of  the  volcaM^ 
and  had  been  witness  to  several  glorious  picturesque  effects  produced 
by  the  reflection  of  the  deep  red  fire,  which  issued  firom  the  enter 
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of  Vesuvius,  aud  mounted  up  in  t\ie  midst  of  the  huge  clouds,  tvlien 
a  lURnner  slorm,  called  tiere  a  tropea,  came  on  luddeuly,  and 
blended  its  heavy  watery  clouds  with  tlie  sulpliureous  aud  mini-ial 
Ottca,  nhich  were  already  like  so  many  otiier  niouiitaim  piled  uver 
tbe  summit  of  the  volcano ;  at  tliis  moment  3  founluin  of  fire  was 
ibot  up  lu  an  incredible  height,  easting  so  bright  a  Ught,  that  the 
nuallest  objecls  could  be  clearly  distinguished  at  any  place  withia 
six  miles  or  more  of  Vesuvius, 

Tbe  black  stormy  clouds  passing  swiftly  over,  and  a(  times  covers 
ing  tl>e  whole  or  a  part  of,  (be  bright  eohimii  of  fire,  at  other  times 
cleariug  away,  and  giving  a  full  view  of  it,  with  the  various  tints  pro. 
dwted  by  its  reverberBteii  light  on  the  while  clouds  above,  in  con- 
Irut  with  ihe  pale  flashes  of  forked  lightning  that  altrnded 
the  iTopta,  formed  such  a  scene  as  no  |K>weT  of  art  can  evej 
express. 

That  wliich  followed  the  next  evening  was  surely  mucb  more  for> 
nidable  and  ularming :  but  thb  was  more  beautiful  and  sublime 
than  even  the  most  lively  imagination  can  paint  to  itself.  This  great- 
nptosion  did  not  last  above  eight  or  ten  minutes,  after  which 
Vesuvius  ivas  totally  eclipsed  hy  the  dark  clouds,  and  there  felj  & 
heavy  sliowcr  of  rain. 

Some  leori/t  and  smalt  sloues  fell  at  Oltaiano  during  this  enip* 
tion,  and  some  of  a  very  great  siee  in  thf  valley  between  Vesuvius 
and  the  Hermitage.  All  the  inhabitants  of  Ihe  towns  ai  the  fuol  of 
the  volcano  were  in  the  greatest  alarm,  and  preparing  to  abandon 
theii  houses,  had  the  eruption  continued  loiij^er. 

One  of  his  Sicilian  Majesty's  game-keepers,  who  was  out  hi  the 
fields  near  Oltaiano  whilst  this  combitied  storm  was  at  its  height, 
was  greatly  lurprised  to  find  the  drops  of  rain  scald  hii  face  and 
hiuids,  which  phenomenon  was  probably  occasioned  by  the  clouds 
having  acfjuired  a  great  degree  of  heat  in  passing  through  ihe  above 
mentiuned  column  of  fire.  The  King  nf  Naples  did  me  the  honour 
of  informing  me  of  this  curious  clrcumstauce. 

Sunday,  August  the  sUi,  Vesuvius  was  <\iiiet  till  towards  six  o'clock 
in  Ihe  evening,  when  a  great  smoke  began  to  gather  again 
crater,  and  about  an  hour  after,  a  rumbling  subterraneous 
heard  in  the  ueighbourhood  of  the  volcano  ;  the  usual  throws  of 
rcd-liot  stones  and  icoria  U;gan,  and  increased  every  instant, 

«  at  Pauailipo,  in  ibe  comf«ny  of  aeveral  of  my  country 
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men*  observiog  with  good  telescopes  the  corious  phaeDoiiietia  in  the 
enter  of  Vesuvius,  which>  with  such  help,  we  could  distinguish  is 
well  as  if  we  had  been  actually  seated  on  the  summit  of  the  Tolcano. 
The  crater  seemed  much  enlarged  by  the  violence  of  hst  ni^fs 
explosioDs,  and  the  little  mountain  no  longer  exbted.  At  iboat 
nine  o'clock  there  was  a  loud  report,  which  shook  the  houses  at 
Portici  and  its  neighbourhood  to  such  a  degree  as  to  alarm  llwir  in- 
habitants, and  drive  them  out  into  the  streets ;  and,  as  I  hnve  since 
seen,  many  windows  were  broken,  and  walls  cracked,  by  the  coo* 
cossion  of  the  air  from  that  explosion,  though  faintly  hcaid  st 
Naples. 

In  an  instant  a  fountain  of  liquid  transparent  fire  began  to  ne, 
and,  gradually  increasing,  arrived  at  so  amaring  a  height  as  to  strike 
eveiy  one  who  beheld  it  with  the  most  awful  astonishment.  I  shall 
scarcely  be  credited  when  I  assure  you,  Sir,  that,  to  the  best  of  ay 
judgment,  the  height  of  this  stupendous  column  of  fire  could  not  be 
less  than  three  times  that  of  Vesuvius  itself,  which,  as  yoa  know, 
rises  perpendicularly  near  3700  feet  above  the  level  of  ^he  aea*. 

Pu£&  of  smoke,  as  black  as  can  possibly  be  imagined,  aacoeedd 
one  another  hastily,  and  accompanied  the  red-hot,  traaspnioit,  aid 
Uquid  lava,  uiterrupting  its  splendid  brightness  here  and  there  hj 
patches  of  the  darkest  hue.  Withm  these  pufis  of  smoke,  at  the 
very  moment  of  their  emission  from  the  crater,  I  conk!  peicetve  a 
bright,  but  pale,  electrical  fire,  briskly  playing  about  in  jdg-ia| 
lines  f. 

The  wind  was  S.W.;  and  though  gentle  was  sufficient  to  cany 
these  detached  clouds  or  pii&  of  smoke  out  of  the  column  of  fire, 
and  a  collection  of  them,  by  degrees,  formed  a  bladL  and  cxtemive 
curtain  (if  I  may  be  allowed  the  expression)  behind  it;  id 
other  parts  of  the  sky  it  was  periectiy  clear,  and  the  stais  were 
bright. 


^^ 


*  Se  tu  se*  or  lettore,  a  creder  lento 
Ci6,  ch*e  lo  dir6,  non  sarinuuBYiglia; 
Cbe  lo,  che  1*  Tidi ;  appena  il  mi  conseoto. 

Dante  Inf.  Caot.  xxw,  weno  46. 
f  I  mentioo  this  circumstance  to  proTC,  that  the  electrical  Hitter,  to  muu- 
fest  daring  thii  eruption,  actually  proceeded  from  the  bowels  of  the  Tokuo, 
and  was  not  attrKted  from  a  great  height  in  the  air,  and  coadactcd  Into  lis 
crater  by  the  vast  coloaui  of  snoke. 
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The  Aery  fountain,  of  so  gigantic  a  ute,  upon  llie  dark  ground 
above  mentioned,  made  tli«  mo^t  glorious  coatrast  inmgiuable,  and 
the  blaze  of  it  reflected  litronglj  on  llie  surface  of  tlie  sea,  wliicb 
was  at  that  lime  |>erfectly  smooth,  ndded  greatly  to  titb  sublime 

Tlie  liquid  lava,  mixed  with  Stones  and  teorLe,  after  having 
■nounted,  I  verily  Iwlteve,  at  tLe  least  ten  iliousaod  feet,  was  partly 
directed  by  the  wind  towards  Otiaiano,  and  partly  fulling  alraoit 
perpendicularly,  ^till  red-hot  and  liquid,  on  Vesuvius,  covered  ila 
whole  cone,  pari  of  that  of  the  mountain  of  Somma,  and  the  valley 
between  them.  The  falling  matter  beiug  nearly  as  vivid  an<.'  iufiamed 
as  that  which  was  continually  issuing  fresh  from  the  cmler,  fomicd 
with  it  one  coniplcte  body  of  fire,  whici)  could  not  be  less  than  two 
miles  and  a  half  in  breadth,  and  of  the  extraordinary  height 
above  mentioned,, casting  a  heat  to  the  distance  of  at  least  six  miles 
around  it. 

The  brush-wood  on  the  mountain  of  Soiuna  ivbs  soon  in  a  blaze, 
which  flame,  being  of  a  difiereiil  tint  from  the  deep  red  of  the 
matter  thrown  out  of  the  volcauo,  and  from  the  silvery  blue 
of  the  electrical  lire,  still  added  to  the  contrast  of  this  most  exiraor- 
dinary  scene. 

The  black  cloud  iiKreaiing  greatly  once  bent  towards  Naples,  ud 
seemed  to  threaten  this  fUir  city  with  speedy  destruction ;  for  it  was 
charged  with  electrical  matter,  which  kept  constantly  da- ling  about 
it  in  strong  and  bright  li^-zagSijust  like  those  described  by  Pliny  the 
younger  in  hb  letter  to  Tacitus,  and  which  accompanied  the  great 
eruption  of  Vesuvius  that  proved  fatal  m  his  uncle  •.  This  volcanic 
lightning,  however,  as  I  particularly  remarked,  very  rarely  (juitted 
ibe  cloud,  but  usually  returned  to  the  great  columu  of  tire  lowarda 
the  crater  of  the  volcano  from  whence  it  orij>inally  camef.     Once 

•  "  Aballrmtalrre,  nubcjolra,  etbotrends,  ignei«pitilui(orlisvihnUI 
dncaniboi  nipli,  in  li>n|;ai  flammanim  Gguru  drhiicehBi  i  fnlEoribm  illc,  cl 
■inilr*  el  nkjorc*."     Plin.  Epiel. 

t  Samdllno  mfntioni  the  like  obiemtloD,  wfaicli  hf  made  darip^  an 
cruplioa  of  Vctutiui  in  1707,  when  the  nue  tind  o(  black  cinud  bpnl  over 
Naples  I  these  are  bi<  worda.  "  Alle  nre  19,  lolll  i  cilladini  nelle  nKore 
leorbre  si  IroTarano  in  mezzo  delle  SoeKe,  delle  quali,  olcune  vrdeantl  uacit 
dalla  foraacc  drl  Vcni*io, «  Korrcre  (iao  al  ca|»  di  PBuUipa,  d'oode  aon 
punodo  pia  inanzi  fuor  U  nnTola  delle  ceneri,  o  diverlini  sltrondp,  indielro 
per  I'uleua  llnea  lurmiroaa  a  iroplar  lu  la  fomace,  gode  DKirono ;  qiial  molo 
rclriwailamu  tut  uolulo  iDlcadere." 

2  A4 
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or  tmct,  indeed,  I  saw  this  ligbtning  (otferiUi,  as  it  is  called  here) 
Ml  on  the  top  of  Somma^  and  set  fire  to  some  dry  grass  and 

bushes** 
Fortunately  for  us  the  wind  increasing  from  the  S.  W.  qnarter, 

carried  back  the  threatening  cloud  just  as  it  had  reached  the  city, 
and  began  to  occasion  great  alarm.  Ail  public  diversions  ceased  in 
an  instant,  and  the  theatres  being  shut,  the  doors  of  the  churches 
were  thrown  open.  Numerous  processions  were  formed  in  the 
streets,  and  women  and  children,  with  dishevelled  heads^  filled  the 
air  with  their  cries,  insisting  loudly  upon  the  relics  of  St.  Jumafius 
being  immediately  opposed  to  the  fury  of  the  mountain :  iti  short, 
the  populace  of  this  great  city  began  to  display  its  usual  eatravagani 
mixture  of  riot  and  bq[;otry,  and  if  some  speedy  and  well-timed  ptt- 
cautions  liad  not  been  taken,  Naples  would,  perhaps,  have  been  at 
more  danger  of  suffering  from  the  irregnlarities  of  its  lower  daas  of 
inhabitants,  than  from  the  angry  volcano. 

But  to  return  to  my  subject:  Afler  the  column  of  fire  had  con- 
tinued in  fiiU  force  near  half  an  hour,  the  eruption  ceased  all  at  ooee^ 
and  Vesuvius  remained  sullen  and  silent.  After  the  dazaling  light 
of  the  fiery  fountain  f,  all  seemed  dark  and  dismal,  except  the  cone 
of  Vesuvius,  which  was  covered  with  glowing  cinders  and  scmrimp 
from  under  which,  at  times,  here  and  there,  small  streams  of  liquid 
lava  escaped,  and  rolled  down  the  steep  sides  of  the  vokano.  Thb 
scene  put  me  in  mind  of  Martial's  description  of  Etna : 

CunctaJacentJIammis  et  tritti  mersafavittd. 

In  the  parts  of  Naples  nearest  Vesuvius,  whilst  the  eruptioa  lasted, 
a  mixed  smell,  like  that  of  sulphur,  with  the  vapours  of  an  iron 


*  Some  time  after  the  eruption  had  ceased,  the  air  cooti  naed  greatly  impreg^ 
nated  with  electrical  matter.  The  Duke  of  G>tro6iaoo,  a  NeapoliCaD  noblcmu 
(who,  from  his  superior  knowledge  in  experimental  philosophy  and  aechaaics, 
does  honour  to  his  country)  told  me,  that  having,  about  half  ao  bov  after  the 
great  eruption  had  ceased,  held  a  Lcyden  bottle,  armed  with  a  pointed  wife,  out 
of  his  window  at  Naples,  it  soon  became  considerably  charged.  Whilst  the 
eruption  was  in  force,  its  appearance  was  too  alarming  to  allow  oae  to 
think  of  such  experiments. 

f  The  light  diffused  by  this  huge  column  of  fire  was  so  strong,  that  the  most 
minute  ok^jects  could  be  discerned  clearly  within  the  compass  of  ten  milu  or 
more  round  the  mountain.  Mr.  Morris  an  English  gentleman,  told  aie,  that  at 
Sorrento,  which  is  twelve  miles  from  Vesuvius,  he  read  the  title  page  of  a  book 
by  that  volcanic  light. 
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fbuudery,  wu  sensible  :  but  nearer  to  the  mountain  tliat  iniell  was 
very  ofiensive,  us  I  bave  often  fuunO  it  in  my  visita  Ii>  Vesuvius  during 

Thus,  Sir,  luve  I  endeHVoured  to  convey  to  you  at  least  a  faint 
Men  of  a  scene  so  f;loriuus  and  sublime  as,  jjerhaps,  may  liave 
never  before  been  viewed  by  human  eyes,  at  least  in  such  per-  \ 

I  am  sensible,  from  llie  traces  of  tliem  I  have  observed  iu  llie 
volcanic  stmtu,  which  compose  the  grenlest  part  of  this  country,  that 
there  have  been  many  more  considerable  eruptions  than  (lie  one  Just 
described  ;    yet,  most  probably,  those  very  violent  eruptions  must  i 

either  have  been  attended  with  earthquakes,  nnd  other  such  alarm-  i 

ing  circumilauccs,  ai  Iu  make  the  beholders  less  attentive  to  tlte 
beanty  of  the  scenes  sucli  phKnonicna  ofiered  than  to  their  own  I 

safety ;  or  clouds  of  smoke  and  ashes,  as  is  usually  the  case  iu  all  | 

great  eruptions,  must  have  so  far  obscured  the  volcano,  as  to  exhibit  j 

only  a  confused  mass  of  fire  and  smoke. 

Whilst  we  had  been  enjoying  the  extraordinary  sight  of  this 
gigantic  fountain  of  liijuid  fire  in  perfect  safety,  the  unforlunale  in- 
habitants of  the  other  side  of  the  monntain  of  Somma,  particularly  at 
Otttiiano  and  Cacciabella,  were  involved  in  that  dark  and  sooty  cloud 
Hbich  formed  so  proper  a  back  ground  to  our  bright  picture,  and 
were  pelted  with  slonet  and  tcoria  of  lava :  but  I  sliull  presently  i 

give  you  a  [tarticular  description  of  tlieir  truly  distressful  situations, 
just  as  I  bad  it  from  many  of  the  poor  sufferers  themselves,  when  I 
visited  that  part  of  the  country  a  lew  days  aller  this  eruption. 

Moodsy.  August  the  91h,  about  nine  o'clock  in  the  moniing.  the 
fourth  fever-fit  of  the  mountain  began  to  manifest  itself  by  the  usual 
symptoms,  such  as  a  subterraneoni  boiling  noise,  violent  e:iplosinns 
of  inflamed  matter  from  the  crater  of  the  volcano,  accompanied  witli  ' 

smoke  and  aslies,  which  symptoms  increased  every  instant.    The  i 

smoke  was  of  two  sorts ;  the  one  as  while  as  snow,  and  the  other  as  ^ 

black  asjeL 

Tlie  white,  as  deieribed  in  the  former  part  of  this  journal,  rolled 
geully  mass  over  mass,  re.«embling  bales  of  lite  softest  collon  ;  and 
Uie  black  composed  of  scor'ue  and  mioate  ashes  shot  up  Hith  force  in 
tlie  niidbt  of  the  white  smoke,  which,  from  (he  minerals,  was  alio 
ioinelimes  tinged  with  yellow,  blue,  and  green.  Presently  sucb  a 
tremeodout  mass  of  these  accumulated  douds  stood  over  Vesuvius 

U M 
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at  seemed  to  threaten  Naples  again,  and  actually  made  the  mooo* 
tain  itself  appear  a  mole  bilL 

Tbb  day's  eruption  was  similar  to  that  of  Thursday  last,  but  many 
degrees  more  violent.  Some  stones,  thrown  near  as  high  as  those 
of  last  night,  fell  on  the  mountain  of  Somma,  and  set  fire  to  the 
bnish-wood  with  which  it  is  covered ;  but  there  being  little  wmd, 
and  that  westerly,  the  volcanic  matter  rose  and  fell  in  a  more  per- 
pendicular direction,  and  Ottaiano  did  not  suffer  by  this  day's  enip- 
lion ;  but  most  of  the  inhabitants  of  the  towns,  on  the  borders  of 
Vesuvius,  fled  to  Naples,  alarmed  by  the  tremendous  clouds  and  the 
loud  explosions. 

We  remarked,  tliat  several  very  large  stones,  after  having  mounted 
to  an  immense  height,  formed  a  parabola,  leaving  behind  them  a 
trace  of  white  smoke  that  marked  their  course :  some  burst  in  the 
air  exactly  like  bombs,  and  others  fell  into  the  valley  between 
Somma  and  Vesuvius  without  bursting;  others  again  burst  into 
a  thousand  pieces  soon  after  their  emission  from  the  crater:  they 
might  very  properly  be  called  volcanic  bombs. 

In  the  smoke  issuing  from  the  crater  of  Vesuvius  we  often 
remarked  a  sudden  brisk  and  quivering  motion,  which  seemed  to 
communicate  itself  instantaneously  from  one  cloud  to  another,  and 
sometimes  affected  those  that  were  very  high  in  the  great  mass  abote 
the  volcano.  Though  I  could  not  discern  any  electrical  fire,  yet  I 
make  no  doubt,  but  that  the  effect  above  mentioned  was  occasioned 
by  it,  and  would  have  been  visible  in  the  night-time. 

Upon  the  whole,  this  day's  eruption  was  very  alarming ;  until  the 
lava  broke  out  about  two  o'clock,  and  ran  three  miles  between  the 
two  mountains,  we  were  in  continual  apprehension  of  some  fatal 
event.  It  continued  to  run  about  three  hours,  during  which  time 
every  other  symptom  of  the  mountain  fever  gradually  abated,  and 
at  seven  o'clock  at  night  all  was  calm. 

It  was  universally  remarked,  that  the  air  this  night,  for  many  hours 
after  the  eruption,  was  filled  with  meteors,  such  as  are  vulgarly 
called  falling  stars ;  they  shot  generally  in  an  horizontal  direction, 
leaving  a  luminous  trace  behind  them,  but  which  quickly  disappeared. 
The  night  was  remarkably  fine,  star-light,  and  without  a  cloud, 
This  kind  of  electrical  fire  seemed  to  be  harmless,  and  never  to 
leach  the  ground ;  whereas  that  with  which  the  black  volcanic 
cloud  of  last  night  was  pregnant  appeared  miKhievous,  like  the 
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lightning  that  atkiida  a  severe  thunder  storm,  as  we  sliould  undoubl- 
Filly  have  experieDccd,  had  the  eru|)tioii  continued  longer,  and  Ibe 
cloud  spread  over  Nafdes.  Tbe  same  kind  or  lightning  proved  fatal 
to  )e*eral  ))«ople,  and  did  gri-at  damage  nithiii  the  space  of  many 
nilcs  round  Vesuvius  during  it$  great  eruption  of  1631,  as  is  men* 
tioaed  i»  one  of  my  former  letters  dm  this  subject. 

During  this  day's  eruption  the  relics  of  St.  Januarius  were  carried 
in  proceiision,  and  exposed  to  the  furioui  mountain  from  ihe  bridge 
of  the  Maddalena,  amidst  a  prodigious  concourse  of  people,  who 
are  at  (his  iTioment  welt  convinced,  that  to  this  ceremony  alone 
Niiples  may  attribute  its  Iiappy  escape. 

It  was  from  tlieir  Sicilian  Majesties  palace  at  Pausilipo  that  1 
made  ttiy  observations  on  this  day's  eruption,  and  in  the  presence  of' 
Iheir  Hajesties,  who  had  been  pleased  to  send  lor  me  in  the  morn- 
ing, Bs  soon  as  the  volcano  became  turbulent. 

Tuesday,  August  the  lOth,  Vesuvius  was  quiet. 

Wednesday,  August  tbe  1 1th,  about  si;c  o'clock  in  the  morning, 
the  fifth  and  last  fever-fil  of  the  iiiouutain  came  ou,  and  gradually 
increased.  About  twelve  o'clock  it  was  at  its  height",  and  very  vio- 
lent  indeed,  the  explosions  being  louder  than  those  that  attended 
the  former  eruptions,  we  could  not  Judge  of  Ibe  height  of  Ihe  vol- 
lies  of  stones  and  leoriie,  as  some  miuy  clouds  were  blended  with 
Ihe  volcanic  ones,  and  hid  the  upper  part  of  the  cone  and  crater  of 
Vesuvius  from  our  view. 

The  same  mountains  of  white  cotton-like  clouds,  piled  one  over 
another,  rose  to  such  an  extraordinary  height,  and  formed  such  a 
colossal  mass  over  Vesuvius,  as  cannol  possibly  be  described,  or 
scarcely  imagined.  It  may  have  been  from  a  scene  of  Ibis  kind, 
(hat  tbe  ancient  poeU  took  tlieir  ideas  of  the  giants  waging  war  with 
Jupiter. 

Aboal  five  o'clock  in  the  evening  the  eruption  ceased  ;  some  rain 
having  fallen  this  day,  which  having  been  greatly  impregnated  with 
the  corrosive  salts  of  the  volcano,  did  much  damage  to  the  vines  in 
its  neighbourhood. 

Thursday  and  Friday,  the  i2th  and  13th  of  August,  Vesuvius 

leal  people  in  tbe  nrlghboiirhood  of  Veiu- 

0  is  subjecl  to  a  criib  HI  dodd  and  oiid- 

loD,  1  bdleie  that  remark  lo  be 
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cootintied  to  sfiK>ke  coofiderablj,  and  at  tioMs  slight  cxplMOM  wcrt 
heard,  like  cannoo  at  a  great  dbtaoce;  but  there  have  been  no  more 
throws  from  its  crater,  nor  any  streams  of  kta  from  its  flaoks^  since 
Wednesday  Ust. 

On  Saturday,  August  the  1 5tb,  I  went,  accompanied  by  Count 
Lamberg,  the  Imperial  Minister  at  thb  Court,  to  visit  Ottaiano  and 
Caccia-beila,  the  district  which  had  been  most  severely  treated  by 
the  heavy  and  destructive  shower  of  volcanic  matter  from  the  crater 
i»f  Vesuvius  last  Sunday  night. 

Soon  aAer  having  passed  the  town  of  Somma,  we  began  to  per* 
ceive,  that  the  heat  of  the  fiery  shower,  which  had  fallen  in  its 
neighbourhood,  had  affected  the  leaves  of  the  trees  and  vines,  which 
we  found  still  more  parched  and  shrivelled  in  proportion  as  we  ap- 
proached the  town  of  Ottaiano,  which  may  be  about  three  miles 
ftom  SomnuL  At  about  the  distance  of  a  mile  from  Somma,  we 
began  to  perceive  fresh  cinders  or  scarim  of  lava»  thinly  scatter  ed 
on  the  road  and  in  the  fields.  Every  step  we  advanced  we  fonnd 
them  of  a  larger  dimension^  and  m  greater  abundance.  At  the  dis- 
taoce  of  a  mile  and  a  half  firom  Ottaiano,  the  soil  %ras  totally  covered 
by  them,  and  the  leaves  and  fruit  were  either  intirely  stripped  from 
the  trees,  or  remained  thinly  on  them,  shrivelled  and  dried  up  by 
the  intense  heat  of  the  volcanic  shower. 

After  having  passed  through  the  most  fertile  country,  abounding 
with  trees  loaded  with  fruits  of  every  kind,  and  the  most  luxuriant 
vegetation,  through  gay  villages  crouded  with  chearful  inhabitants, 
to  come  at  once  to  such  a  scene  of  desolation  and  misery,  affording 
to  our  view  nothing  but  heaps  of  black  cinders  and  ashes,  blasted 
trees,  ruined  houses,  with  a  few  of  their  scattered  inhabitants  just 
returned  with  ghastly,  dismayed  countenances,  to  survey  the  havock 
done  to  their  tenements  and  habitations,  and  from  which  they  them- 
selves had  with  much  flifficulty  escaped  alive  on  Sunday  last,  was 
such  a  melancholy  scene  as  can  neither  be  described  or  forgotten. 

We  found  the  roof  of  his  Sicilian  Majesty's  sporting-seat  at 
bella  much  damaged  by  the  fall  of  large  stones  and  heavy 
some  of  which,  after  having  been  broken  by  their  fall  through  the 
roof,  still  weighed  upwards  of  thirty  pounds.  This  place,  in  a  direct 
line,  cannot  be  less  than  four  miles  from  the  crater  of  Vesuvius. 

llie  most  authentic  accounts  have  been  received  of  the  fall  of 
small  volcanic  stones  and  cinders  (some  of  which  weighed  two 
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vuRcet)  at  Beiievenio,  Foggia,  and  Monte  Mileto,  upwards  of  thirty 
miles  from  Vesuvius  * ;  but  what  is  most  extraordinary  (as  there  was 
but  little  wind  duriag  the  eruption  of  the  Bth  of  August)  minule 
■ilies  <ell  thick  that  very  night  upun  the  lown  of  Manrredoaia,  which 
is  at  ihe  distance  of  un  hundred  miles  from  Vesuvius  f. 

Iliese  facts  seem  to  conlirm  the  extreme  supposed  height  of  the 
column  of  fire  that  issued  from  the  crater  of  Vesuvius  last  Sunday 
night,  and  are  greatly  in  support  of  what  we  find  recorded  in  the  ' 

history  of  Vesuvius  with  respect  to  the  fall  uf  its  a^hes  at  au 
■mazuig  distance,  and  in  a  short  space  of  time,  during  its  violent  i 

eruption.  [ 

We  proceeded  from  Caccia-bella  to  OttaJano,  wliich  is  a  mile 
nearer  to  Vesuvius,  and  is  reckoned  to  contain  twelve  thousand  Inlia- 
bilants.  Nothing  could  be  more  dismal  than  the  sight  of  this  town, 
unroofed,  half  buried  under  bluck  icvrunuA  aslies,  all  the  windows 
towards  the  mountain  brolien,  and  some  of  the  houses  themselves 
burnt)  the  streets  choaked  up  with  these  ashes  (in  some  thai  wer« 
narrow,  the  stratum  was  not  less  than  four  feet  thick),  and  a  few 
of  the  inhabitants  Just  returned  were  employed  in  cleanup  them 
aw^,  and  piling  up  the  ashes  in  hillocks  to  get  at  their  ruined  J 

houses.  Others  were  assembled  in  Uttle  groups,  inquiring  after  their 
friends  and  neighbours,  relating  each  other's  woes,  crossing  lliem> 
selves,  and  lifting  up  their  eyes  to  Heaven  when  they  mentioned 
their  miraculous  escapes.     Some  monks,  who  were  in  tbeir  convent  j 

during  tlie  whole  of  the  horrid  shower,  gave  us  the  following  parti-  i 

cutars,  which  they  related  with  solemnity  and  precision.  i 

The  mountain  of  Somjna,  at  the  foot  of  which  Ottaiano  is  situated, 

•  Tbc  prince  of  Monic  Mileta  told  me,  tku  hi>,  >an,  ihi-  Dakc  of  Pupali,  .1 

wbo  mu  Bl  Monle  Milela  the  Sth  of  Au^sl,  had  been  alarmed  by  tlip  ihower  ' 

of  ciodrn  Ihst  f»ll  (here,  lonK^  of  which  he  had  sent  (o  Naplei,  weighing  two  \ 

BODcn ;  and  thai  ftanrs  of  an  ounce  had  folitrn  u|ioa  an  rslale  of  hli  ten  mllci  I 

hrtberoir.     Mopte  Milelo  it  aboal  thirty  miles  fron  Ihe  lolcaoo. 

t  The  Abbt  Galliani,  well  knowo  in  the  literary  world,  told  me,  thai  hit  I 

■liter,  a  nnn  io  a  couvcnl  al  Manfrcdania,  had  wrote  to  enquiresfirr  hioi, 
iaiafioio;  thai  Naples  miul  have  beeo  deitioyed,  when  they,  al  Io  frrnt  a  dli'  ; 

tamfe,  had  been  do  murh  alarmed  by  a  shower  of  minute  aibct,  which  fell  on 
that  ciiy  al  eleven  o'cloeli  al  night,  the  lilb  of  Augoil,  at  to  open   all  Ihe  ' 

(hmchn,  and  go  Io  prayers.     Ai  Ihe  great  critplloo  bappened  at  nine  o'clock 
al  night,  the  aihes  nut  liave  traieUed  an  Jiundrcd  milei  wldiia  the  fbon  tpace 
,  of  tan  houn.  J 
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hides  Yesovius  from  ito  lught,  so  that  till  tlie  eroptioo  became  consi- 
derable it  was  not  visible  to  them.  On  Smiday  nighty  when  the  noise 
increased,  and  the  fire  began  to  appear  above  the  mountain  of 
Sonuna,  many  of  the  inhabitants  of  this  town  flew  to  the  churches, 
and  others  were  preparing  to  quit  the  town,  when  a  sudden  violent 
report  was  heard;  soon  after  which  they  found  themselves  involved  m 
a  thick  cloud  of  smoke  and  miuute  ashes:  a  horrid  clashing  noise  was 
heard  in  the  air,  and  presently  fell  a  deluge  of  stones  and  large  sanue, 
some  of  which  scorim  were  of  the  diameter  of  seven  or  eight  feet,  and 
must  have  weighed  more  than  an  hundred  pounds  before  they  were 
broken  by  their  fall,  as  some  of  the  fragments  of  them,  which 
I  picked  up  in  the  streets^  still  weighed  upwards  of  sixty  pomids. 
When  these  large  vitrified  masses  either  struck  against  one  another 
in  the  air,  or  fell  on  the  ground,  they  broke  in  many  pieces, 
and  covered  a  large  space  around  them  with  vivid  sparks  of  fire, 
which  communicated  their  heat  to  every  thing  that  was  combustible*. 
In  an  instant  the  town,  and  country  about  it,  was  on  fire  in  many 
parts ;  for  in  the  vineyards  there  were  several  straw  huts,  which  bad 
been  erected  for  the  watchmen  of  the  grapes,  all  of  which  were 
burnt.  A  great  magazine  of  wood  in  the  heart  of  the  town  was  all 
in  a  blaze,  and,  had  there  been  much  wind,  the  flames  most  have 
spread  universally,  and  all  the  inhabitants  would  have  infallibly  been 
burnt  in  their  houses,  for  it  was  impossible  for  them  to  stir 
out.  Some  who  attempted  it  witli  pillows,  tables,  chairs,  the  tops 
of  wine  casks,  &c.  on  their  heads,  were  either  kuocked  down,  or 
soon  driven  back  to  tlieir  close  quarters  under  arches,  and  in  the 
cellars  of  their  houses.  Many  were  wounded,  but  only  two  persons 
have  died  of  the  wounds  they  received  from  this  dreadful  volcanic 
showfjr.  To  add  to  the  horror  of  the  scene,  incessant  volcanic 
lightning  was  whisking  about  the  black  cloud  that  surrounded 
ihem,  and  the  sulphureous  smell  and  heat  would  scarcely  allow  them 
to  draw  their  breath. 

In  this  miserable  and  alarming  situation   they  remained  about 
twenty-five  minutes,  when  the   volcanic  storm  ceased  all  at  once. 


*  The  masses  were  formed  of  the  liquid  lava,  the  exterior  parts  of  which  had 
become  black  and  porous  by  cooling  in  the  long  traverse  they  had  made  through 
the  air,  whilst  the  interior  parts,  less  exposed,  retained  an  extreme  heat,  and 
were  perfectly  red. 
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and  the  frightened  inliabitants  of  Ottaiaiio,  apprebenduig  a  freah 
attack  from  the  turbulent  muuntain,  hastily  quiltcil  tbe  country, 
aftvr  having  deposited  tbe  sick  and  bed-riddeu,  at  tbeir  onii  desire, 
in  tbe  churches. 

Had  tlie  eruption  lasted  an  hour  longer,  Oltaiano  must  have  re-  /  '  /  i 
mainrd  exactly  in  the  stale  of  Pompeia,  wliicft  was  buried  under  the  igf^"^^ 
ashes  of  Vesuvius  just  170O  years  ago,  willi  most  of  its  inhabitaoti, 
nhose  bones  are  to  this  day  frtMjuctUly  found  under  arches  jand  b 
the  cellars  of  tbe  houses  of  that  ancient  city. 

We  were  told  of  many  miracles  lliat  had  ,been  nrought  by  t)ie 
images  of  saints  at  this  place  during  the  late  disaster  ;  but  as  ihey 
are  (juite  foreign  to  my  purpose,  I  shall,  as  usual,  pass  them  over 
in  silence. 

Ttie  palace  of  the  Prince  of  Ottaiauo  is  situated  on  an  ciiiitience 
above  the  lown,  and  nearer  the  mountain,  the  steps  leading  up  to 
it,  being  deeply  coveicd  with  volcauic  matter,  resembling  the  cone 
of  Vesunus,  and  the  white  marble  statues  on  the  balustrade  made  a 
siugolar  appearance  peepiag  from  under  the  black  ashes,  which  bad 
entirely  covered  both  tbe  balustrade  and  their  pedestals.  The  roof 
of  the  palace  was  totally  destroyed,  and  the  windows  were  broken  ; 
but  tbe  house  itself,  being  strougly  built,  had  not  suffered  much. 

We  bad  an  opportunity  of  seeing  here  exactly  the  quality  of  the 
dreadful  shower,  as  the  volcanic  matter,  which  brokethrough  the  roof 
of  the  palace,  and  fell  into  the  garrets  on  the  balconies  and  in  (be 
courts,  had  not  been  removed.  It  was  composed  of  the  icoriee  of 
fresh  lava  much  vitrified,  great  and  small,  mixed  with  fragments  of 
ancient  solid  lavas  of  different  sorts  ;  many  pieces  were  enveloped 
by  the  oew  lava,  which  formed  a  crust  about  them ;  and  others 
were  only  slightly  varnished  by  the  fresh  lava.  These  kind  of  stones 
being  very  coinpact,  and  some  weighing  eight  or  ten  pounds,  must 
have  fallen  with  greater  force  thau  the  heavier  scoria,  which  were 
very  porous,  and  bad  the  great  surface  above  mentioned. 

The  palare  of  Ottaiano  is  built  on  a  thick  stralum  of  ancient  luva, 
which  ran  from  the  mountain  of  Soniraa  when  in  its  aclii'e  volcanic 
slate.  Under  this  tiralum  we  were  shewn  three  grottoes,  fromi 
which  issues  a  constant  extreme  cold  wiud,  and  at  times  iviih  im- 
petuosily,  and  a  noise  like  water  dashing  upon  rocki.  They  are 
shut  up  with  doors  like  cellars,  and  are  made  use  of  as  such,  as 
also  to  keep  provisions  fresh  and  to  cool  Ii<|uoTs.      I  had  never  teen 
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these  venutroh  before.  Id  my  letter  to  Dr.  Maty,  upon  the  nttore 
of  tlie  soil  round  Naples,  I  have  mentioned  othen  of  the  same 
kind  that  I  had  met  with  on  Vesuvius,  Etna«  and  in  the  island  of 
Ischia*. 

We  observed,  that  the  tract  of  country  completely  covered  with 
a  sinUun  of  the  volcanic  matter  aboveHnentiooed,  was  about  two 
miles  and  a  half  broad,  and  as  much  in  length,  in  which  space  the 
vines  and  fruit  trees  were  totally  stripped  of  their  leaves  and  fru^, 
and  bad  the  appearance  of  being  quite  burnt  up  ;  but,  to  my  great 
surprize,  having  visited  that  country  again  two  days  ago,  1  saw 
those  very  trees,  which  were  apple,  pear,  peach,  and  apricot,  in 
blossom  again»  and  some  with  the  fruit  already  formed,  and  of  the 
size  of  hazel-nuts.  The  vines  there  had  also  put  forth  fresh  leaves, 
and  were  in  bloom.  Many  foxes,  hares,  and  other  game,  were 
destroyed  by  the  fiery  shower  in  the  district  of  Somma  and 
Ottaianof. 

Hb  Sicilian  Majesty,  whose  goodness  of  heart  inclines  him  on  all 
occasions  to  shew  his  benerolence  and  assist  the  unfortunate,  has 
ordered  a  considerable  sum  of  money  to  be  distributed  among  the 
unhappy  sufferers  of  Ottaiano  and  its  neighbourhood. 

On  the  ]8th  of  September  1  went  upon  Mount  Vesuvius,  accom. 
panied  by  Lord  Herbert  and  my  usual  guide.  We  could  not  possi- 
bly reach  its  crater,  being  covered  with  a  thick  smoke,  too  sulpha- 
reous  and  offensive  to  be  encountered  ;  neither  would  it  have  been 
prudent  to  have  ventured  up,  had  there  not  been  that  impediment, 
as  it  was  evident,  from  the  loud  reports  we  heard  from  time  to  time, 
that  there  existed  still  a  great  fermentation  within  the  bowels  of  the 
volcano.  We  therefore  contented  ourselves  with  examining  the 
effects  of  the  late  extraordinary  eruption  on  its  cone,  and  in  the 
valley  between  it  and  the  mountain  of  Somuia. 

■  ■ ■      — ■ • —  '         ■  — ^— — ^ 

*  AtCcsi,  in  the  Roman  State,  towards  the  Adriatic,  there  are  many  such 
vtntaroli ;  and  the  inhabitants  of  that  town,  by  means  of  leaden  pipes,  conduct 
the  fresh  air  from  them  into  the  very  rooms  of  their  houses,  so  that  by  turning  a 
f  ock  they  can  cool  them  to  any  degree.  Some  who  have  refined  stHl  more 
■pon  (his  luxury,  by  smaller  piprs,  bring  this  cold  air  under  the  dining  table, 
BO  aii  to  cool  the  bottle  oC  liquor  upon  it. 

f  Having  had  the  honour  of  being  on  a  shooting  party  lately  with  the  King 
of  Naples,  at  the  foot  of  Vesuvius  and  Somma,  several  dead  bares  were  found, 
and  we  killed  others  whose  backs  were  quite  bare,  the  fur  having  liren  singed 
of  them  by  the  hot  ashes. 
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^^^Titt  mnical  part  of  Vesuvius  is  now  covrreil  with  frngmcnh  o# 
hivK  sDd  icoriir,  wbicli  makes  th«  ascent  much  more  dilficiilt  end 
troublcsame  than  wlien  it  was  unlj  cotcreii  witli  tnniute  ashes.  -^ 
Tlie  purticubrity  ul  tliis  last  cru|)lioii  wu^,  thai  the  Uvu  i 
usuallv  nui  out  ol'  Ilie  fl^nka  of  the  volcuuu,  forniiug  mciidc 
wn,  «ud  rivulets  of  hquid  lire,  vim  now  diieSy  thrown  up  from  , 
iti  crater  in  tlie  form  of  u  gigaulic  fuunlaiti  of  hre,*  which  fulliu^ 
■till  in  sotne  degree  of  fuKiun  has,  in  a  miintier,  ctued  up  ihe  coniral 
pirt  of  Vesuvius  with  t  j iralum of  hfttd  ucriari  on  the  side  next  tlie 
mouniaiii  of  Sonima,  that  stratum  is  surely  more  than  uiie  hundred. 
feet  thick,  Itirming  a  high  niige.  The  vallry  between  Vi'suvius  aud 
SomtBa  bag  received  such  a  prodigious  iguaiitily  of  lava  and  uther 
volcauic  matter  during  this  last  eruption,  that  it  is  raised,  as  is  ijub- 
ginvd,  two  hundred  and  fifty  feet  or  mure.  Tliree  such  eruplioiH 
as  tfaa  last  would  completely  till    up   the   valley,  and  by  uniting  Ve* 


Jnni,  ID  hb  Iiloria  del  Vesuviu,  Ibal  Ibe  •ulcana  Id  1679 
vro(e4  lUelf  in  tbc  like  ouiiDer.  "  Non  a  larrenli  undo  mandu  ruori  Ir  Mte 
viscrre,  nui  lalli  in  BrLi  mrnolla."  Sucb  wunderrnl,  irioleni,  and  lUddeB 
emi-dioniaf  lli|nld  lava  mDHt  havr  bren  occaiioned  by  wme  occldrnlal  and  ea. 
traordioar]' cawe  I  and  I  was  incllred  lo  Ihink,  thai  aHidden  rmnmunicaliiui' 
•f  water  with  (he  laia  Id  rniion  might  tie  Uie  oceniion  of  sacb  a 
parilrularly  u  we  knox  (hat  poob  of  laia-WBlFr  have  beea  fuand  formeily  !■ 
•■iicrai  williia  Ibe  bowtb  of  Veiu<lu>  i  and  that  a  riier,  suppoird  Id  be  ll 
■ncieatly  railed  Dmco,  aad  which  wat  buried  by  an  anclrat  eru|ition,  buni 
eui  Muie  yeais  ago  wllh  Euch  forcir,  froir.  under  a  ilralum  of  lava  at  Turre  del 

neotionrd   by  Mom.  de  Faajas,    in  Ml   Rec 
p.  ITS,  leeiai  loeoBlradlcl  my  snppatilion  t 

fuTBacc  of  a  vokano,  Sading  there  a  more  rarified  olr,  wnuld  not  prodiie< 
CijiliBion.     Mon.  DTilandes,  DIrerlut  of  the  Royal  MaDufaclurcorLoDk 
(las  at  St.  Gobin,  made  tile  following  ei|irtimenl  in  I76S,  in  Ihe  pmcor 
tbe  Duke  de  la  Rachrfoucanll,  Moni.   de  Faiijai,  and   nihen.     Hp   poi 
■owe  water  apan  a  qisntily  of  glm  in  f^iinn,  and  whicfa  had  been  in  ihat  stale 
falhecruelUefortweloehoan.    The  water  did  aol  orcation  tin  Inul  fenn. 
IBiioo  I  but,  OD  Ihrconlrary,  rolled  upon  ilt  turfiwr,  wilboul  even  prnduc 
any  uoote,  and  after  having  become  sFeraingly  rrd-bol,  like  Ihe  mrlal  in 
lion,  diu|ipeared  in  about  three  minutet,  without  liavint:  oecaiioned  Ihe  If 
eiploNOD.     If  the  great  emltsioni  of  lava  aboie  tnrntioned  were  not  then 
culoned  l>y  water  mixing  with  Ihe  la*a,  any  not  tbey  hare  been  pindaccd  bj 
TisleM  labKiTaDeoui  exhalation!  having  forced  their  way  into  (he  cauldron  «f    j 
lW>olCBao(if  I  loay  be  allowed  Ihe  eipreiiian)  replete  with  otaltrT  Id  fu^ioai    [ 
and  binwn  iti  whole  coDlcnlt,  with  whaicf er  oppoaed  lt>  panage,  at  onoe  intw  i 
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suvtas  and  Somma,  form  thcin  into  one  niountmin,  as  they  roost 
probablv  were  before  the  great  eniptioa  in  the  reign  of  Titus,  la 
•liorty  I  found  the  whole  face  of  Vesuvius  changed.  Those  cniioai 
channels,  in  which  the  lava  ran  in  the  month  of  May  last,  are.  all 
buried.  The  volcano  appears  to  have  likewise  increased  in  height ; 
the  form  of  the  crater  is  c'  inged»  a  great  piece  of  its  rin  towardi 
Sonima  being  wanting  ;  and  on  the  side  towards  the  sea  it  is  aba 
broken,  l^ere  are  some  very  large  cracks  towards  the  poiot  of  tke 
cone  of  the  volcano,  which  makes  ft  probable,  that  nsorc  of  the  bor> 
den  of  the  crater  will  fall  in.  The  ridge  of  fresh  volcanic  natteroa 
the  cone  of  Vesuvius  towards  Somma»  and  the  thick  nralmm  m  tkt 
▼alley,  are  likewise  full  of  cracks,  from  which  there  iaaoca  a  con- 
stant sulphureous  smoke  that  tinges  them  and  the  drcun^jacent/csrMr 
and  cinders  with  a  deep  yellow,  or  sometimes  a  white  tint.  Tboe 
last  mentioned  cracks,  though  deep,  do  not,  as  I  apprebaid,  pas 
the  ttraittm  formed  by  the  last  eniptioo,  and  which,  from  its  estmne 
thickness,  particularly  in  the  valley,  will  probably  retain  a  givat 
degree  of  heat  for  some  years  to  come,  as  did  a  thick  arrcfaai  of 
lava  than  ran  into  fossa  grtrndt  in  the  year  1767* 

The  number  and  sice  of  the  stones,  or,  more  properly  speaking, 
of  the  fragments  of  lava  wliich  have  been  thrown  out  of  the  vokaao 
in  the  course  of  the  last  eruption,  and  which  lie  scattered  thick  oa 
the  cone  of  Vesuvius,  and  at  the  foot  of  it,  is  really  incrediblf. 
The  largest  we  nie&iured  was  in  circumference  no  less  than  <me  hna- 
dredaud  eight  English  feet,  and  seventeen  feet  high.  It  b  a  solid 
block,  and  is  much  vitrified  5  in  some  parts  of  it  there  are  laife 
pieces  of  pure  glasH,  of  a  brown  yellow  colour,  like  that  of  whick 
onr  common  bottles  are  made,  and  throughout  its  pores  seem  to  be 
tilled  with  perfect  vitrifications  of  the  same  sort.  The  spot  where 
it  alighted  is  plainly  marked  by  a  deep  impression  almost  at  the  foot 
of  the  cone  of  the  volcano,  and  it  took  three  bounds  before  it  set* 
tied,  as  is  plainly  perceived  by  the  marks  it  has  left  on  the  ground, 
and  by  the  stones  which  it  has  pounded  to  atoms  under  its  prodi- 
gious weight.  When  we  consider  the  enormous  siie  and  weight  of 
such  a  solid  mass,  thrown  at  least  a  quarter  of  a  mile  clear  cf  tbe 
mouth  of  the  volcano,  we  can  but  admire  tbe  wonderful  powers  of 
nature,  of  which,  being  so  very  seldom  within  the  reach  of  bunas 
inspection,  we  are  in  general  too  apt  to  judge  upoa  much  too  ntM 
a  scale. 
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Another  nolid  block  of  aocienl  liiva,  sixlv-six  feet  ia  drcumre- 
Knee,  an<1  nineteen  feel  high,  being  nearlv  uf  a  spherical  >liitpe, 
was  thrown  out  al  the  aame  time,  and  lies  near  the  ti>riner.  Thti 
Honei  which  hus  the  marht  of  having  been  roundeil,  my  ■linort 
polithcil,  by  continual  rolling  in  torrents,  or  on  the  »ea  shore, 
and  which  yet  hat  been  so  undonbtedly  thrown  out  of  the  volcano, 
may  be  tlie  subject  of  curious  B|>eci]Ixlton  s*.  Another  block  of 
•oriH  lava  that  wag  thrown  much  farther,  and  lies  in  the  viillct 
l»elween  the  cone  of  Vesuvius  and  the  Herniiluge,  is  sixteen  feet 
high,  nnd  ninety-two  feet  in  circumference,  though  it  plainly  ap- 
pears, by  the  large  fragments  that  lie  round,  and  were  rleiached 
from  it  by  the  shock  of  its  fall,  that  it  must  have  been  twice  as  con- 
aiderahle  when  in  the  air. 

There  are  thousands  of  very  large  fragments  of  difftrefil  speciet 
of  ancient  and  modem  lavas,  that  lie  scHltered  by  the  late  explosions 
an  the  cone  of  Vesuvius,  and  in  the  vallies  at  ill  foot ;  but  these 
three  were  the  largest  of  those  we  measured  f . 

We  found  aUo  many  fragmenls  of  those  volcanic  bombs  that 
burst  ill  the  air,  as  mentioned  in  the  former  part  of  this  joumjl  j 
and  some  entire,  having  Inllen  to  the  ground  without  bursting. — 
The  fresh  red-hot  and  liquid  lava  having  been  thrown  up  wttb  num- 
berless fragments  of  ancient  lavas,  the  latter  were  ol*ten  closely  en- 
veloped by  the  former ;  and  probably  when  such  fra<;ment$  of  lava 
were  porous  and  fult  of  air  bubbles,  as  ts  of^en  the  case,  tlie  ex- 
treme outward  heat,  suddenly  rarifying  the  confined  air,  caust-d  an 
explosion.  When  these  fragments  were  of  a  more  compact  lava 
Ibeydid  not  ruplode,  but  were  simply  incloied  by  tbe  Ireah  lava, 
and  acquired  a  spherical  form  by  whirling  in  the  air,  or  rolling 
down  tbe  steep  sides  of  the  volcano. 

The  shell  or  outward  coal  of  the  bombs  thai  bunt,  and  of  which 
««    found  several  pieces,  was  alwayi  composed  of  fmli  lava,  in 

•  Orwaj  DM  (hi<  tiooe  l>e  ■  tptirneal  lalcanie  huali,  <ocb  u  »ot  at  tatty 
•ve  rerliarircBifrreace,  ilnchlwIbTUafH.  Faiuv  dr  St.  Food,  lap.  lU,af 
bb  cBriiMii  book  DO  tlw  Mbjfclof  f  iliBcuiUrd  lolcaaon' 

•  We  aruored  lno  Wher  .too«  in  Ilw  lAXty  brlw^i-a  ftonon  mod  Vr- 
rnnm;  (he  ose  iriu  Iwentj-twe  fcl  and  a  half  Innc,  Ihirirro  fi- 1  anil  ■  half 
broad,  ■odleDrmliicbt  Ik  olfeer,  etrrrafrrl  andahainiirli,  andcTentj- 
Iw*  feet  la  circaafereare. 

2   ■  2 
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which  many  splinters  of  the  Hiore  ancient  lava  that  bad  been 
incloiedy  are  seen  sticking.  1  was  much  pleated  with  thb  discovei]f, 
having  been  greatly  puzzled  for  an  explanation  of  thb  vokanic  ope* 
ration,  which  was  new  to  me,  and  which  was  very  (icqiieiit  duiiag 
the  eruption  of  the  9th  of  August. 

The  phenomenon  of  the  natural  spun  glass*  which  fell  at  Ottaiaoo 
with  the  ashes  on  the  5th  of  August,  was  likewise  ckarly  explained 
to  roe  here.  I  have  already  mentioned,  that  the  lava  thrown  up  by 
this  eruption  was  in  general  more  perfectly  vitrified  than  thai  of  any 
former  eruption,  whidi  appeared  pUiinly  upon  a  nearer  examioatioB 
of  the  fragments  of  fresh  lava,  the  pores  of  which  we  genenllj 
found  full  of  a  pure  vitrification,  and  the  jcorur  themselves^  npon  t 
close  exaipination  with  a  magnifying  glass,  appeared  like  a  coufined 
heap  of  filaments  of  a  foul  vitrificatioo.  When  a  piece  of  the 
solid  fresh  lava  had  been  cracked  in  its  fall  without  s^Muitiif 
entirely,  we  always  saw  capillary  fibres  of  perfect  glas^ 
from  side  to  side  within  the  cracks*  If  I  may  be  allowed  a 
comparison,  which,  however,  conveys  the  idea  of  what  I  widi  to 
explain  belter  than  any  other  I  can  think  o^  this  lava  resemUed  s 
rich  Parmesan  cheese,  which,  when  broken  and  geally  separated, 
spins  out  transparent  filaments  from  the  little  celb  that  coalUKd 
the  clammy  liquor  of  which  those  filaments  were  rompoacd.  The 
natural  spun-glass,  then,  that  fell  at  Ottaiano  during  this  erufitkiB, 
as  well  as  that  which  fell  in  the  Isle  of  Bourbon  in  the  yeas  1766> 
must  have  been  formed,  most  probably,  by  the  operation  of  sock  s 
sort  of  lava  as  has  been  just  described,  cracking  and  separmting  is 
the  air  at  the  time  of  its  emission  from  the  craters  of  the  voleaiMes, 
and  by  that  means  spinning  out  the  pure  vitrified  matter  fn>m  ill 
pores  or  cells,  the  wind  at  the  same  time  carrying  off  those  filamcali 
of  glass  as  fast  as  they  were  produced 

I  observed,  sticking  to  some  very  large  fragments  of  the  new  lav% 
which  were  of  a  close  grain,  some  pieces  of  a  substance,  whose  tex* 
ture  very  much  resembled  that  of  a  true  pumice-stone ;  and,  naoa 
a  close  examination,  and  having  separated  then  from  the  lava,  I 
perceived,  that  this  substance  had  actually  been  forced  out  of  the 
minute  pores  of  the  solid  stone  itself,  and  was  a  collectioo  of  fine 
vitreous  fibres  or  filaments,  confounded  together  i|t  the  tiaie  of  their 
being  pressed  out  by  the  contraction  of  the  l^ige  fragments  of  lan 
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li  coolmfc  and  wliidi  had  bent  downwarda  by  tltcJr  own  w«i|[iit. 
Hiia  curious  luhsluiice  fans  Itie  liglilness  nia  piiinire.  and  resentbks 
k  Bi  every  resprct  except  being  of  a  darker  colour. 

Wlien  tlip  porM  of  the  fresh  ioM  lavu  were  Itirge  and  filled  willi 
,  pttK  vilrified  mailer,  »e  found  that  mailer  (oruciinies  blown  into 
,  bubbles  on  its  turface,  I  su)iposF,  by  the  nit  nliich  had  bten  forced 
i  Wil  al  the  lime  ihe  lava  conlnicted  itself  in  cooling  :  lliuae  bubbles, 
i^tiof  thin,  sliewe^l  llint  tliis  volcanic  gla^s  has  Ihe  kind  of  lnini|ia- 
I  nacy  of  uur  common  glasa  bottles,  and  is  like  them  of  h  dittj  yel- 
low colour.  I  detached  with  my  hammer  sume  Inrge  pieces  of  I'lio 
kbtd  of  glass  as  bit;  as  my  (isl,  which  adhered  lo,  ami  was  JiKorpn* 
nied  wilb,  annie  of  I'le  larger  Irfi^menlt  ut'  lava,  and,  tliough  of  the 
fUat  kind,  from  their  thickness  Ihcy  appeared  perfectly  black,  aud 
'were  opaque. 

Another  particularity  is  remarkalde  in  the  lava  of  this  eruption : 
many  detached  pieces  of  it  are  in  the  shiipeof  a  barley-corn  »r  ufa 
ptum-sione,  small  at  each  end,  and  Ihick  In  the  middle.  We 
'  ^cked  up  MvenI,  and  saw  many  more  which  were  too  hi'avy  for  us 
la  carry  oJT,  for  they  must  have  welfjliett  more  than  si\iy  pounds; 
tume  of  iJie  smaller  ones  did  iiol  weigh  an  ounce,  1  suppose  tbera 
la  be  drop*  from  llie  liquid  fouuimD  of  fire  of  the  Sth  of  August, 
•hich  might  very  naturally  acquire  such  a  foriH  in  ihetr  fall ;  but  the 
IMasanla  in  Uie  Deighboui  hood  of  Vesuvius  are  well  corviiiced 
Jbat  Ibey  are  Ihe  thuuder-bolu  thai  fell  wilb  the  volcauic  light- 
aing. 

We  found  many  of  the  volcanic  bombs  or,  pro|>erly  speaking, 
louitd  baits  qf  fresh  lava,  large  and  sniall ;  all  of  which  have  a 
MUcltui  composed  of  a  frugmeul  of  more  ancient  and  solid  lava. 
liTliere  were  also  some  other  curious  viirilkaiions,  very  ditferent  from 
,aDy  I  had  ever  seen  before,  mixed  with  the  lale  fallen  aliower  of 
ibuge  tnrite  a&d  masses  of  lava. 

t  TItough  I  have  endeavoured  to  be  as  particular  and  clear  as  pos- 
fjible  b  ibe  description  I  have  given  of  the  curious  substauces  pro- 
i.dnced  by  the  late  eruptiou  of  Vesuvius,  yel,  as  S|>ecinieiis  of  those 
ilmbstanccs  will  explain  more  at  one  sight  than  I  can  pretend  lo  do 
.bgr  whole  pages  in  writing,  1  shall  not  fail  lo  send  yon,  by  the  first 
Lftmurabk  opportunity,  a  collection  of  lhem,wliich  I  have  set  apart 
'ifcr  Ifaat  purpose,  particularly  as,  I  6altcr  myself,  ihi>  may  wne  to 
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sobterraneoiis  noites  hciutl  at  ttfnes*  and  by  the  expkwioiia  of  soom 
ami  ashes,  was  known  to  exist  within  the  bowels  of  the  Tolcaoo ;  to 
that  the  eruptions  of  late  years,  before  this  lait»  ba?e,  as  I  hate  said» 
been  simply  fironi  the  lava  having  boiled  over  tlia  crater,  the  skies 
being  suificieiilly  strong  to  confine  it,  and  oblige  it  to  rise  and  over- 
flow.  The  mountain  had  been  remarkably  quiet  for  scYen  months 
before  its  late  eruption,  nor  did  the  usual  smoke  issue  from  its 
crater,  bnt  at  times  it  emitted  small  clouds  of  smoke,  that  floated 
in  the  air  in  the  shape  of  little  trees.  It  was  remarked  by  the  Father 
Antonio  di  Petrizzi,  a  capuchin  friar  (who  has  printed  an  aooonnt  of 
the  late  eruption)  from  hb  convent  close  to  the  unfortunate  town  of 
Torre  del  Greco,  that  for  some  days  preceding  this  eruption  a  thick 
▼apour  was  seen  to  surround  the  mountain,  about  a  quarter  of  a 
mile  beneath  its  crater ;  as  it  was  remarked  by  him,  and  olhen  at 
tbe  same  time,  that  both  the  sun  and  the  moon  had  often  ao  lUHisaal 
reddish  cast. 

The  water  of  the  great  fountain  at  Torre  del  Greco  began  to  de- 
crease some  days  before  the  eruption,  so  that  the  wheels  of  a  corn- 
mill,  worked  by  that  water,  moved  very,  slowly ;  it  was  necessary  ia 
all  the  other  wells  of  tlie  town  and  its  neighbourhood  to  lengthen 
the  ropes  daily,  in  order  to  reach  the  water ;  and  some  of  the  wdb 
became  quite  dry.  Although  most  of  the  inhabitants  were  sensible 
of  this  phenomenon,  not  one  of  them-seems  to  have  suspected  tbe 
true  cause  of  it.  It  has  been  well  attested,  that  eight  days  before 
the  eruption,  a  man  and  two  boys,  being  in  a  vineyard  above  Torre 
del  Greco  (and  precisely  on  the  spot  where  one  of  the  new  moutb 
opened,  from  whence  the  princi|ial  current  of  lava  that  destroyed 
the  town  issued),  were  much  alarmed  by  a  sudden  puff  of  sasoke 
that  came  out  of  the  earth  close  to  them,  and  was  attended  with  a 
slight  explosion. 

Had  this  circumstance,  with  that  of  the  subterraneoiis  noises 
beard  at  Resina  for  two  days  before  the  eruption  (with  the  additional 
one  of  tbe  decrease  of  water  in  the  wells,  as  above  mentioiied)bcca 
communicated  at  tbe  time,  it  would  have  required  no  great  foresight 
to  have  been  certain  that  an  eruption  of  the  volcano  was  near  at 
hand,  and  that  its  force  was  directed  particularly  towards  that  part 
of  the  mountain. 

On  the  12th  of  June,  in  the  morning,  there  was  a  violent  fall  of 
rain,  and  soon  after  the  rohabitants  of  Resina,  situated  directly  over 
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(he  ancient  town  of  Herculitneuiii.  w«re  teniibk  uf  a  njinblinj  sab< 
lerraiieoui  noi<ie,  which  was  uot  heard  at  Nafiles. 

From  the  pianlh  of  January  lo  ihp  month  of  Maji  iaal,  the  al- 
niosphere  wasgriicnillv  calni,  ami  He  liad  coniiiiued  dry  weather. 
In  the  mouth  of  May  we  had  a  hllle  min,  but  the  wealher  was  un> 
usually  siilliy.  For  scinie  days  preceding  the  erupiiun,  the  Duke 
della  Torre,  a  learned  and  ingenious  nobleman  of  this  couDlry,  and 
who  lias  publislied  two  letters  upon  ihe  auliject  of  the  lale  eruption, 
alMervcd  by  his  eleclrunielers  (hat  ihe  attiiruphere  uas  charged  M 
enceti  with  Ibe  electric  fiuiil,  and  conlinued  so  for  sevenl  days  dur- 
ing the  eruption  :  there  are  niany  other  cutiuus  ohservuiiuns  in  ttte 
duke'i  account  i>f  the  late  etupiioii. 

About  eleven  o'clock  at  nigtil  of  the  12lh  June,  at  Naples  ire 
wereallncnsibleof  a  violent  shock  uf  an  earlliqnake:  (lie  uoduiatorj' 
motion  was  evidently  from  east  to  west,  and  appeafed  to  me  to  lute 
lasled  neat  half  a  minnle.  The  sky,  which  had  been  quite  clear,  was 
Mon  after  covered  wiih  black  clouds.  Tbe  iuhabitanti  of  the  towns 
and  villager,  which  are  very  numerous  at  the  foot  of  Vesuvius,  felt 
this  earthquake  still  more  sensibly,  aufi  »ay,  that  Ihe  shock  at  hrst 
was  from  the  bottom  upwards,  after  which  followed  Ihe  undulation 
from  eust  to  wesL  This  earthquake  t!).teD<led  all  over  ilie  Cam- 
pagna  Felice;  and  their  Sicilian  i»HJe»ties  were  pleased  to  tell  mc, 
that  (he  royal  palace  at  Caserla,  which  i^i  fifieen  miles  from  thM- 
city,  and  one  of  the  most  niagni6cent  aud  solid  buihlings  in  £urope 
(the  walls  being  eighteen  tee!  thick),  was  shook  in  uich  a  manner  w 
to  cause  great  alarni,  and  that  ull  the  chamber-bells  rang.  It  was 
JikewLie  much  felt  at  Benevenio,  about  thirty  miles  from  Naples; 
and  at  Ariann  in  Puglia,  which  i»  at  a  much  greater  distance;  both 
these  towns  have  been  oflen  afllicled  with  earthquakes. 

On  Sunday  Ihe  IStli  of  June,  soon  afler  ten  o'clock  at  night, 
otiier  shock  of  an  earthquake  was  lei t  at  Naples,  but  did  not  appear 
to  be  quite  so  violent  as  that  of  the  1 2lh.  nor  did  it  last  so  long 
the  same  moment  a  founlain  of  bright  lire,  attended  with  a  vet; 
black  smoke  aud  a  loud  report,  was  !«en  to  i«sue,  and  rise  to  a  great 
height,  from  about  the  middle  of  the  cone  of  Vesuvius;  soon  after 
anolber  of  the  same  kuid  broke  out  at  some  lilllc  distance  lower 
down  ;  then,  as  I  suppose  from  the  blowing  up  of  a  covered  channel 
full  of  Ted-hot  lava,  it  had  the  appearance  as  if  the  tava  had  taken 
its  course  directly  up  tlie  steep  cone  of  the  volcano.     Fresh  foun> 
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UuDf  cucoeeded  4Nie  another  bastily,  and  all  w  a  direct  line 
for  about  a  mile  and  a  half  down,  towards  the  towns  of  Resioa  and 
Torre  del  Greco.    I  could  count  fifteen  of  lheni»  but  I  believe  there 
were  others  obscured  by  the  smoke.     It  seems  probable,  that  all 
these  fountains  of  fire»  from  their  being  in  such  an  exact  line,  pro- 
ceeded from  one  and  the  same  long  fissure  down  the  flanks  of  the 
mountain,  and  that  the  lava  and  other  volcanic  matter  forced  its  way 
out  of  the  widest  parts  of  the  crark,  and  formed  there  the  little 
mountains  and  craters  that  will  be  described  in  their  proper  place. 
It  is  impossible  that  any  description  can  give  an  idea  of  this  fiery 
fcene,  or  of  the  horrid  noises  that  attemled  this  great  operation  of 
nature.    It  was  a  mixture  of  the  loudest  thuuder,  with  incessant 
report s>  like  those  from  a  numerous  heavy  artillery,  accompanied 
by  a  contiimed  hollow  murmur,  like  that  of  the  roaring  of  the  ocean 
during  a  violent  atorm ;  and  added  to  the^e  was  another  blowing 
noise,  like  that  of  the  gomg  up  of  a  large  flight  of  bky-rockets,  and 
which  brought  to  my  mind  also  that  noise  which  is  produced  by  the 
action  of  the  enormous  bellows  oA  the  funiace  of  the  Carron  iron 
fouudery  in  Scotland>and  nhich  it  perfectly  resembled.  The  frequeut 
fidling  of  the  huge  stones  and  scoriae,  which  were  thrown  up  to  an 
incredible  height  irom  some  of  the  new  mouths,  and  one  of  which 
having  been  since  measured  by  the  Abbe  Tuta  (who  has  published  an 
account  of  this  eruption),  was  ten  feet  high,  and  thirty-five  in  dr- 
cumfetence,  contributed  undoubtedly  to  the  coucussiou  of  the  earth 
and  air,  which  kept  all  the  houses  at  Naples  for  several  hours  in  a 
constant  tremor,  every  door  and  window  siiaking  and  rattling  in- 
cessantly, and  the  bells  ringing.     This  was  an  awful  moment!  The 
sky,  from  a  bright  full  moon  and  star-light,  be^au  to  be  obscured ; 
the  moon  had  presently  the  appearance  of  being  in  an  ecli^ise,  and 
soon  after  was  totally  lost  in  obscurity.     The  murmur  of  the  prayers 
and  lamentations  of  a  numerous  populace  forming  various  proces- 
sions, and  parading  in  the  streets,  added  likewise  to  the  horror.    As 
the  lava  did  not  appear  to  me  to  have  yet  a  suflicient  vent,  and  it 
was  now  evident  that  the  earthquakes  we  had  already  felt  had  been 
occasioned  by  the  air  and  fier^  matter  confined  within  tlie  bowels  of 
the  mountain,  and  probably  at  no  small  deptli  (considering  the  ex- 
tent of  those  earthquakes  ,  I  recommended  to  the  company  thai 
was  with  me,  who  began  to  be  much  alarmed,  rather  to  go  and 
view  the  mounUiu  at  some  greater  distance,  and  in  the  open  air. 
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Umh  to  remain  in  tlie  house,  which  was  on  the  sea  side,  and  iii  ihe 
part  of  Huplei  thai  is  neare^l  hii<1  uiosl  txpu^ed  lo  Vesuvius.      W« 
KConliagly  went  to  Posiiipu,  mid  viewed  the  con Hugrd lion,  now    . 
bccontc  still  more  considerable,  iruni  ihe  sen  side  under  ihut  luouo*   i 
tain;  but  whether  from  the  eruption  having incrensed,  of  from  lU 
loud   reports  uf  ihe  volciinic   explosions   being  repealed  by   iba    i 
niouiitaiu  behind  us,  ilie  nui<ie  uvs  uucli  louder,  and  nitirc  aUrntiag    | 
than  thai  we  had  heard  in  our  fint  puMlion,  ai  least  n  mile  at*aa 
tu  Vesuvius.     Afler  some  lime,  and  which  was  about  two  o'clock  in 
Ifac  inoruing  of  [he  l6th,  Itavnig  obwrved  that  [he  lavas  nii  it    I 
abundance  freely,  auil  with  gnat  vclucily,  ha*ing  made  a  o 
deratdc  progrcu  towards  Kesiua,  ihe  lowu  whicli  il  (irsi  IhreateoedL    i 
aiid  that  tlie  fiery  vapours  which  hdd  been  cuiilined  had  now  fre« 
vent,  throu;>h  many  purls  of  a  crack  uf  more  than  a  mile  and  I   j 
hair  in  leiigih.as  was cvidviit  from  the  quHRlity  of  iuflaiucd  matter  ai 
black  smoke,  wliich  continued  to  issue  from  the  new  mouths  above-  | 
inenliuned  without  any  iolerruptian,  I  couclntled  ihai  at  Naples 
daoi^r  fr'tin  eadhquakes,  which  had'  been  my  ^realetl  apprehensin^   | 
wiu  now  tutally  rciuuvcd,  atid  we  tcturned  [o  our  toiiner  >taiion  a 
S.  Lucia  at  Naples. 

All  Ihi*  liiiie  there  was  not  ihe  smallest  appearance  of  fire  or 
smoke  from  (he  crater  on  ihe  sunuuil  uf  Vesuvius;  but  the  black 
smoke  aud  aihes  iuuiut;  cuuiiiiualiy  Irom  so  uuny  itew  ntoulhs,  or 
craters,  formed  an  cuoniious  and  dense  body  ot'  clouds  over  [ha 
wliole  luonutain,  and  which  began  lo  give  signs  ol  being  replete 
willi  i1k  electric  fluid,  by  exhibiting  flashes  ol  that  sort  of  2ig-xag 
ligblaiogi  which  in  llw  vulcanic  language  ot  this  country  n  called 
Jtrilii,  and  which  it  the  constant  allendaiit  on  the  most  viulcul  erup- 
tion*. From  what  I  have  read  audseeo,  i(  appears  lu  me,  ihal  Ihe 
truest  judgment  that  can  be  formed  of  the  degiee  of  force  of  the 
femiealalion  within  the  bowels  of  a  volcano  during  its  enipUon, 
would  be  from  observing  the  sixe,  aud  the  grealer  or  less  elevation 
of  those  piles  of  smoky  clouds,  which  rise  out  of  the  craters,  aud 
Ibrm  a  gigantic  mass  over  it,  usually  in  Ihe  form  of  a  pine  tree,  and 
from  the  greater  or  less  quautiiy  of  lh»tftrUii,  or  volcanic  electricity, 
with  which  those  clouds  appear  to  be  charged. 

During  thirty  jears  thai  1  have  resided  al  Naples,  aud  in  which 
•pace  of  time  1  have  been  w  ituess  to  many  eruptions  of  Vesuvius,  uf 
uue  sort  oi  other,  1  never  saw  the  gigantic  cloud  abuvemculiuDcd 
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leplete  with  the  electric  fire,  except  iu  the  two  great  eruptions  of  * 
17^7 »  that  of  1779»  sod  during  this  more  formidable  one.  The 
electric  fire^  in  the  year  l/79»  that  played  constantly  nithin  the 
enormous  black  cloud  over  the  crater  of  Vebuvius^  and  seldom  quit- 
ted it>  was  exactly  similar  to  that  whidi  is  pro<luced,  ona  very  small 
scale,  by  the  conductor  of  an  electrical  machine  communicating  with 
an  insulated  plate  of  glass,  thinly  spread  over  with  metallic  61ings, 
he.  when  the  electric  matter  continues  to  phiy  over  it  in  zig-zag  lines 
without  quitting  it.  I  was  not  sensible  of  any  noisie  attending  that 
operation  in  1779  ;  whereas  the  ducharge  of  the  electrical  matter 
from  the  volcanic  clouds  during  this  eruption,  and  particularly  the 
second  and  third  days,  caused  explosions  like  those  of  the  loudet^t 
thuiider;  and  indeed  the  storms' raised  evidently  by  the  sole  power 
of  the  volcano,  resembled  in  every  respect  all  other  thunder  storms; 
the  lightning  falling  and  destroying  every  thing  in  its  course.  The 
house  of  tlie  Marquis  of  Berio  at  S.  lorio,  situated  at  the  foot  of 
Vesuvius,  during  one  of  thesie  volcanic  storms  was  sthick  with  light« 
DUig,  which  having  shattered  many  doors  and  windows,  and  damaged 
the  furniture,  left  for  some  time  a  strong  smell  of  sulphur  in  the 
rooms  it  passed  through.  Out  of  these  gigantic  and  volcanic  cloudi, 
besides  the  lightning,  both  during  this  eruption  and  that  of  1779,  I 
have,  with  many  others,  seen  balls  of  hre  issue,  and  some  of  a  conu* 
derable  magnitude,  which  bursting  in  tl)e  air,  produced  nearly  the 
same  e£fect  as  that  from  the  air-balloons  in  fireworks,  the  electric 
fire  that  came  out  having  the  appearance  of  the  serpents  with  which 
those  firework  balloons  are  oAen  filled.  The  day  on  which  Naples 
was  in  the  greatest  danger  from  the  volcanic  clouds,  two  small  balb 
of  fire,  joined  together  by  a  small  link  like  a  chain*shot,  fell  cloie  to 
my  caiinOf  at  Posilipo  ;  they  separated,  and  one  fell  in  the  vineyard 
above  the  house,  and  the  other  in  the  sea,  so  close  to  it  that  I  heard 
a  splash  in  the  water ;  but,  as  I  was  writing,  I  lost  the  sight  of  this 
phenomenon,  which  was  seen  by  some  of  tbe  company  with  me, 
and  related  to  me  as  above.  The  Abb^  Tata,  in  his  printed  account 
of  this  eruption,  mentions  an  enormous  ball  of  this  kind  which  fiew 
out  of  the  crater  of  Vesuvius  whilst  he  was  standing  on  the  edge  of 
it,  and  which  burst  in  the  an:  at  some  distance  from  the  monBtaiB« 
•oon  af^r  which  he  heard  a  noise  like  the  fall  of  a  nmnber  of  stones, 
or  of  a  heavy  shower  of  hail. 
Dorii^  tht  emptiop  of  the  15th  at  night,  few  of  the  iubabitaals 
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of  Naples,  from  the  dread  of  earthquakes,  venliired  to  po  lo  their 
beds.  The  coDimon  people  were  either  employed  in  devuul  process 
trom  in  the  streets,  or  were  sleeping  on  the  quays  ani)  0|ieD  places; 
the  nobility  and  gentry,  having  cauiwd  iheir  liorses  to  he  taken  from 
their  carriages,  slept  in  (hem  in  Ilie  Mguares  and  open  pluce^,  or 
oa  the  high  roads  just  out  of  the  town.  For  sevei^il  days,  vrbilit 
the  volcanic  storms  of  thunder  and  lightning  lasted,  the  inhabilaiiti 
at  ifae  foot  of  the  volcano,  both  on  the  sea  side  and  Ihe  Sonima  sitti^ 
were  often  gensible  of  a  tremor  in  the  earth,  as  well  as  of  the  coa> 
cussiotu  in  the  air;  but  at  Naples  only  the  earthquakes  of  the  13(h 
ami  ISth  of  5une  were  distinctly  and  universally  felt:  this  fair  citj 
could  no!  certainly  have  resisted  long,  had  imt  those  earthquake* 
been  fortunately  of  a  short  duration.  Throughout  lliis  eruption, 
which  continued  in  force  about  ten  days,  ilie  fever  of  the  mouniaio^ 
as  has  been  remarked  in  former  eruptions,  shewed  itself  to  be  in 
some  measure  periodical,  and  generBll;  was  most  violent  at  the 
break  of  day,  at  noon,  ami  at  midnight. 

About  four  o'clock  in  the  morning  of  the  l6th,  the  crater  of  Ve- 
suvius began  to  shew  signs  of  being  open,  by  some  black  smoke 
issuing  out  of  it;  and  at  daybreak  another  smoke,  tinged  with  red, 
issuing  from  an  opening  near  the  crater,  but  on  the  other  side  of  the 
mountain,  and  fadng  the  town  of  Ottaiano,  shewed  that  a  new  mouth 
had  opened  there,  and  from  nliich,  as  we  heard  afterwards,  a  const 
derable  stream  of  lava  issued,  and  ran  with  great  velocity  through  ■ 
'  wood,  which  it  burnt  i  and  having  run  about  three  miles  in  a  few 
hours,  it  stopped  before  it  had  arrived  at  the  viueyards  and  culti> 
vated  lands.  The  crater,  and  all  Ihe  conical  part  of  Vesuvius,  was 
soon  involved  in  clouds  and  darknrss,  and  so  it  remained  fur  several 
dwys :  but  above  these  clouds,  allbough  of  a  great  height,  we  couM 
often  discern  fresh  coluTnns  of  smoke  from  the  crater,  rising  furiously 
still  higher,  until  the  whole  mass  remained  in  the  usual  form  of  a 
pine-tree:  and  in  that  gigantic  mass  of  heavy  clouds  thefcrilli,  or 
volcanic  lightning,  was  frequently  visible,  even  in  ihe  day  time. 
About  five  o'clock  in  the  morniug  of  the  l6th  we  conld  plaiuly  per- 
ceive, tliat  the  lava  which  had  first  broke  out  from  the  several  new 
mouths  on  the  south  side  of  the  mountain,  had  reached  the  sea,  and 
was  running  into  it,  having  overwhelmed,  burnt,  and  destroyed  Ibe 
greatest  part  of  Torre  del  Greco,  the  principal  stream  of  lava 
having  taken  its  coune  through  the  very  centre  of  the  town. 
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observed  from  Naples,  that  when  the  lava  waft  io  the  irioeyArtb  in  hs 
way  to  the  town,  there  issued  often,  and  in  difl^rent  parts  of  it^  a 
bright  pale  flame,  and  very  different  from  the  deep  red  of  the  lava  ; 
thb  was  occasioned  by  the  burning  of  the  trees  that  supported  the 
vines.  Soon  after  the  beginning  of  this  eruption,  ashes  Mi  thick 
at  the  foot  of  the  monntain,  all  the  way  from  Portici  to  the  Tone 
del  Greco;  and  what  is  remarkable,  although  there  were  not  at 
that  time  any  clouds  in  the  air,  eicept  those  of  smoke  from  the 
mountain,  the  ashes  were  wet,  and  accompanied  with  large  drops  of 
water,  which,  as  I  have  been  well  assured,  were  to  the  taste  very 
salt ;  the  road,  which  is  paved,  was  as  wet  as  if  there  had  been  a 
heavy  shower  of  rain.  Those  ashes  were  bhM:k  and  coarsct  like  the 
sand  of  the  sea  shore,  wliereas  those  that  fell  there^  and  at  Naples 
some  days  after,  were  of  a  light-grey  colour^  and  as  fine  as  Spanish 
snuff,  or  powdered  bark.  They  contained  many  saline  particles : 
as  I  observed,  when  I  went  to  the  town  of  Torre  del  Greco  on  the 
I7tb  of  June,  that  those  ashes  that  lay  on  tlie  ground,  exposed  to 
the  bumini(  sun«  had  a  coat  of  the  whitest  powder  on  their  surface, 
which  to  the  taste  was  extremely  salt  and  pungent.  In  the  printed 
account  of  the  late  eruption  by  Emanuel  Scotti,  doctor  of  physic 
and  professor  of  philosophy  in  th^  university  of  Naples,  he  supposes 
(which  appears  to  be  highly  probable)  that  the  water  which  accom- 
panied the  fall  of  the  ashes  at  the  beginning  of  the  erupt  ion,  was 
produced  by  the  mixture  of  the  inflammable  and  dephlogisticated 
air,  according  to  experiments  made  by  Doctor  Priestley  and  Monsieur 
Lavoisier. 

By  the  time  that  the  lava  had  reached  the  sea,  between  five  and 
six  o'clock  in  the  morning  of  the  l6th,  Vesuvius  was  so  completely 
involved  in  darkness,  that  we  could  no  more  discern  the  violent  ope- 
ration of  nature  that  was  going  on  there,  and  soit  remained  for  several 
days;  but  tiie  dreadful  noise  we  heard  at  times,  and  the  red  tinge  on  the 
clouds  over  the  top  of  the  mountain,  were  evident  signs  of  the  acti* 
vity  of  the  fire  underneath.  Tlie  lava  ran  but  slowly  at  Torre  del 
Greco  after  it  had  reached  the  sea ;  and  on  the  17th  of  June  in  the 
raoming,  when  I  went  in  my  boat  to  visit  that  unfortunate  town,  its 
course  was  stopped,  excepting  that  at  tiroes  a  little  rivulet  of  liquid 
fire  issued  from  under  the  smoking  scoriae  into  the  sea,  and  caused  a 
hissing  noise,  and  a  white  vapour  smoke ;  at  other  times,  a  quantity 
of  large  scoriv  were  pushed  off  the  surface  of  the  body  of  the  lava 


mtft  ttt*  MTt,  diwuvfrinn  tU»<  it  was  rwl  tint  unHcr  tliat  »«r1i»M; 
Hiid  even  lo  lliis  (lii\  !))«  centre  of  lite  lliickest  part  n{  the  lavs  lh>l 
coven  the  Inwii  retain*  it*  red  lieat.  Tite  breadth  of  ihe  lava  ibat 
ran  into  the  sea,  aitd  bus  formed  a  dth  prntnonlotir  lliere,  after 
having  destroyed  llie  crealeit  |iart  of  Ibe  tai*n  of  Toirc  del  Greco, 
liaving  been  exacllv  measured  by  the  Duke  delta  Torre,  Is  of  Eng- 
Inll  feet  1301.  lis  height  sbove  the  sea  is  twelve  feel,  and  as  raany 
feet  unilcr  water,  .so  that  its  whole  hrinht  is  Iwenly-faiir  feet:  it 
attends  into  the  sea  sit  huiidteH  and  Iwenty-MX  feet.  I  observed 
that  the  *ea  water  was  boJIint  as  in  a  caiildnxi,  uliere  it  washed  the 
foot  of  ibis  new  formed -prnniontory ;  and  alihoush  I  was  at  least 
an  huitdred  yards  from  it,  obwrvini;  dial  the  sea  smoked  near  my 
boMl,  I  pul  my  hand  into  the  waier,  which  was  literally  scalded; 
and  by  ibis  lime  my  l>aalnien  observed  that  llie  pilch  from  the  bottom 
of  the  bnal  was  melling  fWsl,  and  doming  ou  the  surface  of  the  sea, 
and  Ihat  tlie  boat  began  to  teak;  we  therefore  retired  liaiiily  from 
this  spot,  and  tamted  at  n^me  distance  from  llie  hot  lava.  The 
town  of  Torre  del  Greco  contained  about  18000  inhatfitanls,  all  of 
wtiicb  (except  about  fifteen,  who  from  eitfier  age  or  infirmity  could 
not  Ite  moved,  and  were  overwhelmed  by  the  lava  in  their  bouses) 
escMpetl  either  to  Caslel-n-mare,  which  was  the  ancient  Slabiv,  or 
to  Naples ;  but  the  npid  progress  of  the  lava  was  such,  af>er  it  had 
altered  its  course  from  Resina,  which  town  it  first  threatened,  and 
tiad  Joined  a  fresti  lava  lliat  iuued  from  one  of  llie  new  months  in  a 
vineyard,  about  a  mile  from  ihe  town,  that  it  ran  like  a  lorreDl  over 
Ihe  town  of  Torre  del  Greco,  allowiiig  llie  unfortunate  inliabilaiits 
K«rcely  time  to  save  their  lives ;  iheir  goods  and  effects  were  totally 
abandoned,  and  indeed  several  of  the  inhabitants,  whose  bouses  had 
heen  turrounded  with  lava  whilst  lliey  remained  in  itiem,  escaped 
from  them  and  saved  iheir  lives  the  following  djy,  by  coming  out  of 
the  topt  of  ibeir  houses,  and  walking  over  the  srorise  on  Ihe  surface 
of  the  red-hot  lava.  Five  or  six  old  nuns  were  taken  out  of  a  convent 
in  this  manner,  on  the  1 6lb  of  June,  and  mrried  over  the  hot  lava,  as 
I  was  informed  by  the  friar  who  assisted  tbem ;  and  who  told  me 
tbal  their  stupidity  was  such,  as  not  to  have  t>eeR  ibe  least  alarmed, 
or  sensible  of  their  danger:  he  found  one  of  upward*  of  ninety 
years  of  age  actually  warming  herself  at  a  point  of  red-liot  lava, 
whicli  loitched  the  window  of  her  cell,  and  which  she  said  was  very 
comfortable;  and  though  now  apprized  of  ibeir  dangar,  Ihey  were 
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Still  fery  auwtlling  to  leave  their  confent^  in  which  they  had  heea 
shut  up  almost  from  their  infimcyy  their  ideas  beng  as  limiDed  as 
the  space  they  inhabited.  Having  desired  them  to  pack  op  what- 
ever they  had  that  was  most  valuable,  they  all  loaded  theoMehpes 
with  biscuits  and  sweetmeats,  and  it  was  but  by  accident  that  the 
friar  discovered  that  they  had  left  a  sum  of  money  behind  them, 
which  he  recovered  for  them;  and  these  nuns  are  now  is  a  coovaat 
at  Naples. 

At  the  time  I  landed  at  Torre  del  Greco  on  the  l^tb,  I  feand 
some  few  of  its  inhabitants  returned,  and  endeavourmg  to  recofcr 
their  eiectA from  such  houses  as  liad  not  been  thrown  down,  orwetc 
not  totally  buried  under  the  lava:  but  alas!  what  was  their  erwddii* 
appointment  when  they  fonod  I  hat  their  houses  had  been  aliendy 
broke  open,  and  completely  gutted  of  every  thing  that  was  valoablt ; 
and  I  saw  a  scuffle  at  the  door  of  one  house,  between  the  proprietois 
and  the  robbers  wlio  had  taken  possession  of  it  The  lava  had 
passed  over  the  centre  and  best  part  of  the  town ;  no  part  of  the  cathe> 
dral  remained  above  it,  except  the  upper  part  of  a  square  brick 
tower,  in  which  are  the  bells ;  and  it  is  a  cuiions  circuBMtanoe  that 
those  bells,  although  they  are  neilher  cracked  nor  mehed,  are  de* 
prived  of  their  tone  as  much  as  if  they  had  been  cracked,  I  suppose 
by  the  action  of  the  acid  and  vitriolk  vapours  of  the  lava*  Suae 
of  the  inhahitantit  of  Torre  del  Greco  told  me,  that  when  the  lava 
first  entered  the  sea,  it  threw  up  the  water  to  a  prodigious  height; 
and  particularly  when  two  points  of  lava  met  and  indosed  a  pool  of 
water,  that  then  that  water  was  thrown  up  with  great  violence,  and 
a  loud  report :  they  likewise  told  me,  that  at  this  time,  as  well  as  the 
day  after,  a  great  many  boiled  tish  were  seen  floating  on  the  sorfeoe 
of  the  sea ;  and  I  have  since  been  assured  by  many  of  the  fiphernien 
of  Portici,  Torre  del  Greco,  and  Torre  dell'  Annunziata  (aO  of 
which  towns  are  situated  at  the  foot  of  Vesuvius),  that  they  oooid 
not  for  many  days  during  the  eruption  catch  a  fish  within  two  miles 
of  that  coast,  which  they  had  evidently  deserted. 

When  this  lava  is  cooled  sufficiently,  which  may  not  be  until  some 
months  hence,  I  shall  be  curious  to  examine  whether  the  centre^  or 
solid  and  compact  parts,  of  the  lava  thaf  ran  into  the  sea  has  taken, 
as  it  probably  may,  the  prismatical  form  of  basalt  columns,  like  many 
other  ancient  lavas  disgorged  into  the  water.  The  exterior  of  tfab 
lava  at  present,  like  aU  others,  offers  to  the  eye  nothing  but  a  con- 
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fuied  heap  of  loose  scoria.     Tlie  lava  over  the  cathedral,  and  ii 
niber  parts  oflhc  town,  is  upwards  of  forty  feet  in  thickness  ; 
geiwnil  hvighl  of  the  tava  during  it»  whole  course  U  iibonl  Iweira   ' 
feet,  and  in  some  parts  not  lc»  tiiao  a  mile  in  breaillh.     I  walked  in 
the  few  remaining  streets  of  the  town,  and  I  went  on  the  top  of  one 
of  the  hifhesi  houses  that  whs  stilt  standing,  although  surrounded  bj 
the  lava:  1  saw  from  thence  distinctly  the  whole  course  of  the  lava, 
thai  covered  the  best  part  of  the  town  ;  tlie  tops  of  the  houses  were 
just  visible  here  and  there  in  some  j^rts,  and  the  limbers  within  still 
bumiog  caused  a  bright  flame  to  issue  out  of  the  surface  :  in  other 
parts,  tlie  sulphur  and  salts  exhaled  in  a  white  smoke  from  the  lavs, 
forming  a  white  or  yellow  crust  on  the  scori  ^  round  the  spots 
it  issued  with  the  most  force.     Olien  I  heard  Utile  explosions,  and 
aaw  that  tiiey  blew  up,  like  little  mines,  fragments  of  the  scoriae  a 
asliM  into  the  air ;  I  suppose   thetn  to  have  been  occasioned  eitl 
by  rarefied  air  in  confined  cellars,  or  perhaps  by  small  portions  o 
pin|>owder  taking  fire,  as  few  in  this  comitry  are  without  a 
•onie  little  portion   of  gunpowder  in  their  houses.     As  the  chun|i''l 
feasts  are  Itere  usually  attended  with  fireworks  and  crackers,  a  fim>  9 
work-maker  of  this  town   had  a  very  great  t|uanlity   of  fireworfcl  1 
ready  made  for  an  approaching  feast,  and  some  gunpowder,  all  Of  A 
which  had  been  shut  up  in  his  house  by  ihe  lava,  a  )iart  of  which  I 
bad  even   entered  one  of  the  rooms;  yet  he  actually  saved  all  bit  ' 
fireworiu  and  gunpowder  some  days  after,  by  carrying  them  safely  I 
over  tlie  hot  lava.     I  should  oot  have  been  so  much  at  my  ease  had  1 
I  known  of  this  gunpowder,  andof  several  oilier  barrels  that  were  at  i 
tlie  laiDe  lime  in  the  cellar  of  another  house,   inclosed  by  Lbe  lava, 
and  whidi  were  afterwards  brought   off  on  women's  heads,  littk   ' 
thinking  of  their  danger,  over  the  scoritc  of  the  lava,  that  was  red>  ' 
hot  underoeath.    The  heat  in  the  streets  of  ihe  town,  at  this  tiin^  i 
was  so  great  as  lo  raise  the  quicksilver  in   my  thermonieler  to  very  i 
Dear  100  degrees,  and  close  to  the  hot  lava  it  rose  much  liiglier;  but.  I 
what  drove  ma  from  this  melancholy  spot  was,  that  one  of  the  roba   | 
ben  with  a  great  pig  on  his  shoulders,  punned  by  the  proprietor   * 
with  a  long  gun  pointed  at  bim,  kept  dodging  round  me  to  save  i 
himself:  Ibid  him  throw  down  the  pig  and  run,  whrch  he  did;  and  i 
the  proprietor,  satisfied  with  having  recovered  bis  loss,  acfjuainled  j 
me  with  my  danger,  by  telling  me  that  there  were  now  thievei  i 
avery  bouse  that  was  lefi  standing.     I  thought  it  therefore  high  lin 
vol.  I.  i  c 


386  XEVFTlOlIt  or  TSSUTIVt. 

to  retire^  both  for  my  own  safef y»  nd  that  I  might  eodeavoor  to 
procure  from  Naples  some  protectioD  for  the  doubly  nQfortunate 
lufierers  of  this  unhappy  town.  Accordingly  I  returned  to  Napier 
in  my  boat,  and  inmiediately  acquainted  this  gOTerument  vrith  what 
I  had  just  seen  myself:  m  consequence  of  which  a  body  of  soMien 
was  sent  directly  to  tlieir  relkf  by  sea,  the  road  by  land  having  been 
cut  off  by  the  lava,  I  reuiaAed  m  ny  way  home^  that  there  was  a 
much  greater  quantity  of  the  petroleum  floating  on  the  surface  of 
the  sea,  and  diffusing  a  very  strong  and  oftnsive  smell,  than  wis 
usual;  for  at  all  times  in  calms,  patches  of  this  bituminons oilf 
called  here  petroleum^  are  to  be  seen  floating  on  the  sorfiioe  of  the 
sea  between  Portici  and  Naples,  and  particularly  oppoate  a  village 
called  Pietra  Bianca.  The  minute  ashes  continued  ^liog  all  tbif 
day  at  Naples ;  the  mountain,  continually  obscured  by  tbem»  conti- 
aued  to  alarm  us  with  repeated  loud  explosions ;  the  streets  of  thb 
city  were  this  day  and  the  next  constantly  filled  with  reUgious  and 
penetential  processions,  composed  of  all  classes,  and  nothing  was 
beard  in  the  midst  of  darkness  but  the  thunder  of  the  mouatah^  and 
era  pro  noliim  The  sea  wind  increasmg  at  times,  delivered  us  franr 
these  a^tbes,  which  it  scattered  over  different  parts  of  the  Campaga^ 
Felice. 

On  Wednesday  the  18th,  the  wind  having  for  a  short  space  of 
time  cleared  away  the  thick  cloud  from  the  top  of  Vesuvius,  we  dis- 
covered that  a  great  part  of  its  crater,  particularly  on  the  west  side 
opposite  Naples,  had  ^len  in,  which  it  probably  did  about  four 
o'clock  in  the  morning  of  this  day,  as  a  violent  shock  of  an  earth- 
quake was  felt  at  that  moment  at  Resina,  and  other  parts  situated  at 
the  foot  of  the  volcano.  The  clouds  of  smoke,  mixed  with  the 
a&hes  which,  as  I  have  before  remarked,  were  as  fine  as  Spaaiiifi 
snuff  (so  roach  so  that  the  impression  of  a  seal  with  my  coat  olf  anas 
would  remain  distinctly  marked  upon  them),  were  of  siu^h  a  deasilv 
as  to  appear  to  have  the  greatest  difikulty  in  foremg  their  paao^ 
out  of  the  now  widely  extended  mouth  of  Vesuvius,  which  certainlj, 
since  the  top  fell  in,  cannot  be  much  short  of  two  miles  in  ciraun- 
fcrence.  One  cloud  heaped  on  another,  and  succeeding  one  another 
incessantly,  formed  in  a  few  hours  such  a  gigantic  and  elevated  co- 
lumn of  the  darkest  hue  over  the  mountain,  as  seemed  to  tfaieatea 
Naples  with  immediate  destruction,  havmg  at  one  time  been  beat 
over  the  city^  and  appearii^  to  be  much  too  massive  and 
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lo  remain  long  siupetukit  in  tlie  air;  it  was  bcsiilrs  replete  with 
th«Xerilii,  or  volcanic  ligliliiiglit,  wliicb  vviit  sU.i.;;er  thaii  com* 
loon  ligliliiiiig,  just  as  Pliny  Ilie  younger  describes  it  in  one  of  liis 
letters  lo  Tacitus,  when  lie  saja  fulj^oTibus  ilU  ct  limila  el  majorei 
MTant. 

Vesuvius  was  at  this  time  complclely  covered,  as  were  alt  ttic  old 
black  laVa?,  with  a  thick  coal  of  these  fini-  liglil-grey  aslies  already 
fatlen,  which  gave  it  a  colli  and  Iiorrid  a|)prara!ice;  and  in  compa- 
riioa  of  the  abovementioned  enormous  mass  of  clouds,  which  ccr- 
laiiily,  bowevcr  it  muy  Contradict  our  idea  of  ihc  exlension  of  our 
atmosphere,  rose  many  aiile^  above  Ihc  moiintaiu,  it  appeared  like 
M  mole-hill:  although,  us  you  kiioiv.   Sir,  I  he  perpendicular  height 
«f  Vesufius  from  the  level  of  the  sea,  is  more  than  Ihrec  thtiiisaDd 
•ix  hundred  leet.    The  Ahb^  Bmccinij  as  appears  in  hit  printed  ac* 
count  of  tlic  eruption  of  Mount  Vflsuviun  in  1631,  measured  with  i   . 
quadrant  the  elevaliouof  a  muss  of  clouds  ot  ihe  bame  nature,  that  ] 
was  formed  over  Vesuvius  during  that  great  eruption,  and  foun;!  i|  I 
to  exceed  lliirty  miles  in  height.     Doctor  Scotii,  in  bis  priuted  a 
count  of  this  eruption,  sayt,  that  the  heigbt  of  Ihis  threaleniog  clou^    I 
'  of  tiiioke  and  ashes,  measured  (but   he  dues  not  say  btiw)  Irani    ' 
Naples,  was  fuund  tu  he  of  an  elevation  of  Ihirty  deijrees.    All  1 
cau  say  is,  that  (o  my  eye  the  distance  from  ihe  cruter  of  Vesuvittf 
lo  the  most  elevated  part  of  the  cloud,  appeared  lo  me  nearly  til*' 
tune  ai  that  of  the  islaud  of  Caprea  from  Naples,  auri  which  is  about   ' 
Iventy-five  miles  ;  but  I  am  well  aware  of  the  inaccuracy  of  siicK 
a  sort  of  measurement. 

I  must  own,  tiiat  at  that  moment  I  did  apprehend  Naples  lo  be  in 
<ome  danger  of  being  buried  under  The  ashes  of  the  volcano,  just  ai 
'  tbe  towns  of  Hcrculaneum  and  Poro|ieii  were  in  the  year  79-  Th« 
aabes  that  fell  then  at  Pomt>eii  were  of  the  same  fiue  ({uaUty  as  those 
iffom  this  eruption :  having  often  observed,  wlien  ptescut  at  Ihe  e\- 
«Hvalions  of  that  ancient  ciiy,  that  the  allies,  which  1  sujipo^e  to 
'fcave  been  mixed  with  water  at  the  same  time,  had  tuken  the  exact 
impretiMin  or  mould  of  whatever  they  had  inclosed  :  so  that  th* 
■coaipaitmciits  of  the  wood  work  of  the  windows  and  doors  of  Ihe 
bouies  remaiued  impressed  un  tbis  volcanic  tuf^,  although  the  wood 
Itoelf  had  long  deeajed,  and  not  an  atom  of  it  to  be  &eeo,  except 
vIkh  Uie  woo<l  had  been  burnt,  and  then  yon  found  tite  charcoal. 

mee  been  present  at  the  discovery  of  a  iketeton  in  the  peat 
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street  of  Pompeiif  of  a  pereoo  who  had  beeo  shot  up  by  the  ashes 
during  the  eruption  of  79, 1  engaged  the  men  that  were  digging  (o 
take  off  the  piece  of  hardened  tnib,  that  coTered  the  bead,  with 
great  care,  and,  as  m  a  mould  just  taken  off  in  plaster  of  Pkris,  we 
found  the  impression  of  the  ejes,  that  were  shut,  of  the  nose,  mouthy 
and  of  cTery  feature  perfectly  distmct.  A  similar  specimeo  of  a 
mould  of  this  kind,  brought  from  Pompeii,-  is  now  in  his  SicSiaa 
Majesty's  museum  at  Portid  i  it  had  been  formed  over  tbe  breast 
of  a  young  woman  that  had  been  shut  up  in  the  volcanic  natter; 
every  fold  of  a  thin  drapery  that  covered  her  breast  is  exaetfy  rtpre- 
sented  in  this  mould  :  and  in  the  volcanic  tufo  that  filled  the  ancient 
theatre  of  Hereulaneuro,  the  exact  mould  or  impression  of  the  htt 
of  a  marUe  bust  is  still  to  be  seen^  the  bust  or  statue  having  beca 
long  since  removed.  Having  observed  these  fine  ashes  issuing  in 
such  abundance  from  Vesuvius,  and  having  the  appearance  of  being 
damp  or  wet,  that  they  do  not  take  such  beautiful  forms  and  volutes 
as  a  fine  dry  smoke  usually  does,  but  appear  in  hard  and  stiff  little 
curls,  you  wiH  not  bonder  then/  that  the  fate  of  Hercolaiienm  and 
Pompeii  should  have  come  again  strongly  into  my  mind  >  bnt  Ibr- 
tunately  the  wind  sprung  up  fresh  from  the  sea,  and  tha  thiMtrniag 
cloud  bent  gradually  from  us  over  the  mountain  of  Somma,  and  in- 
volvfd  all  that  part  of  the  Campagna  in  obscurity  and  danger. 

To  avoid  prolixity  and  repetition,  I  need  only  say,  that  the 
storms  of  thmider  and  lightning,  attended  at  timea-with  heavy  fidb 
of  rain  and  ashes,  causing  tbe  most  destructive  torrents  of  water  and 
glutinous  mud,  mixed  with  huge  stones,  and  trees  torn  up  by  the 
roots,  continued  more  or  less  to  afflict  the  inhabitanta  oo  both  sides 
of  the  volcano  until  the  7th  of  July,  when  the  last  torrent  destroyed 
many  hundred  acres  of  cultivated  land,  between  the  towns  of  Tone 
del  Oreco  and  Torre  dell*  Anounziata.  Some  of  these  torrents,  as 
I  have  been  credibly  assured  by  eye  witnesses,  both  on  the  sen  side 
and  the  Somma  side  of  the  mountain,  came  down  with  a  hoitid 
rushing  noise ;  and  some  of  them,  after  having  forced  their  wi^ 
through  the  narrow  gullies  of  the  mountain,  rose  to  the  hc%htrf 
more  than  twenty  feet,  and  were  near  half  a  mile  m  extent.  Tbe 
mud  of  which  the  torrents  were  composed,  being  a  kind  of  mrtnral 
mortar,  has  completely  cased  up,  and  mined  f<H:.the  present,  some 
thousand  acres  of  rich  vineyards  |  for  it  soon  becomta  16'  hard,  that 
nothing  less,  than  a  pick-axe  can  break  it  up ;  I  say  finr  the  present. 
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1 1  imagine  lliat  liereafler  tlie  soil  may  be  greatly  improved  by  the 
quaatily  of  saline  particles  that  the  ashed  from  this  eruption  evi. 
dently  conlab.  A  gentleman  of  the  Briibh  fiictory  at  Naples, 
having  filled  a  plate  with  (he  mbes  that  had  (idlen  on  his  balcony 
during  the  eruption,  and  sowed  some  pease  iti  them,  assured  nw 
that  ihey  came  up  the  third  day,  and  that  tliey  continue  to  grow 
much  faster  than  a  usual  in  the  beat  coinmon  garden  soil. 

My  cuTiosity,  or  rather  my  wbit  to  gratify  that  of  our  respectable 
Society,  uiduced  me  to  go  upon  Mount  Vesuvius,  as  soon  as  I  thought 
I  might  do  it  with  any  degree  of  pruileDce,  which  was  not  until  the 
30th  of  June,  and  tbenit  was  attended  with  some  risk,  as  will  appear 
in  the  course  of  this  narrative.  The  crater  of  Vesuvius,  except  at 
short  iatervats,  had  been  continually  obscured  hj'  the  volcauic  cloudf 
ever  since  the  l6ih,  and  was  so  this  day,  with  frcqm-nl  flashes  of 
lightning  playing  iu  those  clouds,  and  alteoded  as  iuuhI  with  a  noise 
like  thunder :  and  the  tine  ashes  were  still  falling  on  Vesuvius,  but 
still  more  on  the  mountain  of  Somma.  I  went  up  llie  usual  way  by 
Besina,  attended  by  my  old  Cieeruike  of  the  mountain,  Bartulonieo 
Pumo,  with  whom  I  have  been  Maty-eight  times  on  the  highest  point 
of  Vcauvtus.  I  observed  in  my  way  through  the  village  of  Retina 
tiiat  many  of  tlie  stones  of  the  pavemeul  had  been  loosened,  and 
were  lierangeH  by  the  earthquakes,  particularly -by  that  oflhc  IStb, 
which  attended  the  fdlliug-in  of  the  crater  of  the  vokanoi  and  which 
as  tbey  told  nie  there,  had  been  so  violeat  as  lo  throw  many  people 
down,  and  obliged  all  the  inhabitai>t3  of  {tesiiia  to  quit  their  houses 
twslily,  and  to  which  they  did  not  dare  return  for  two  days.  The 
leaves  of  all  the  vines  were  burnt  by  the  ashes  that  had  fallen  on 
litem,  and  many  of  the  vines  themselves  were  buried  uroler  the  nshes> 
and  great  branches  of  the  tret*  that  supported  them  had  been  torn 
off  by  their  weight.  In  sliort,  nothing  but  ruin  and  desolation  was 
to  be  seen.  The  ashes  at  the  foi>l  of  tlie  mountain  were  about  ten 
or  twelve  inches  thick  on  tlie  surface  of  the  earth,  but  in  pro|)ortiaa 
iu  we  ascended  their  lliickness  increased  to  several  feet,  I  dare  say 
not  lets  tlian  nine  or  ten  in  some  parts  ■  so  that  the  surface  of  the 
old  rugged  lavas,  that  before  was  ahnost  impracticable,  was  now 
become  a  perfect  plain,  over  which  we  walked  with  the  greatest 
e«w.  .The  ashes  were  of  a  light-grey  colour,  and  enceediugly  Am 
•0  that  by  the  footsteps  being  marked  on  them  as  <■»  t 
3  c3 


earut 

J 


590  BRUPTIONS  OF  TESUVIUi. 

that  three  small  parties  had  been  up  before  ut.  We  saw  likewise 
the  track  of  a  iox^  that  appeared  to  have  been  quite  bewildered,  to 
judge  from  the  many  turns  he  had  made.  Even  the  traces  of 
lizards  and  other  little  animajs,  and  of  insects,  were  viaible  on  these 
fine  ashes.  We  ascended  to  the  spot  whence  the  lava  of  the  I5tii 
first  issued,  and  ue  followed  t{ie  course  of  it,  which  was  stiU 
very  hot  (although  covered  vvith  such  a  thick  coat  of  ashes),  quite 
down  to  tlie  sea  at  Torre  del  Greco,  which  is  more  than  five  mile&, 
A  pair  of  boots,  to  which  I  had  fot  the  purpose  added  a  new  and 
thick  sole,  were  burnt  through  on  this  expedition.  It  was  not  pos- 
sible to  get  up  tp  the  great  crater  of  Vesuvius^  nor  had  any  one  jH 
attempted  it.  The  horrid  chasms  that  exist  from  the  spot  where  the 
late  eruption  first  took  place,  in  a  straight  line  for  near  two  mifei 
towards  the  sea,  cannot  be  imagined.  They  formed  vallks  more 
than  two  hundred  feet  deep,  and  from  half  to  a  mile  wide ;  and 
where  the  fountains  of  fiery  matter  existed  during  the  eruption,  ar^ 
little  mountains  with  deep  craters.  Ten  thousand  men,  in  as  many 
years,  could  not,  surely,  make  such  au  alteration  on  the  fiice  of 
Vesuvius,  as  has  been  made  by  nature  ip  the  short  space  of  five  honrs.* 
Except  the  exhalations  of  sulphureous  and  vitriolic  vapours,  wfakh 
broke  out  from  difierent  spots  of  the  line  abovementioned,  and 
tinged  the  surface  of  the  ashes  and  scoriss  in  those  parts  with  either 
a  deep  or  pale  yellow  with  a  reddish  ochre  coloMr»  or  a  bright  white, 
and  in  some  parts  with  a  deep  green  and  azure  blue  (so  that  the 
^hole  together  had  the  effect  of  an  iris) ,  all  around  us  bad  the  ap* 
pearance  of  a  sandy  desert.  We  went  on  tlie  top  of  seven  of  the 
fnost  considerable  of  the  new- formed  mountains,  and  looked  into 
their  craters,  which  on  some  of  them  appeared  to  be  little  short  of 
half  a  mile  in  circumference ;  and  although  the  exterior  perpendicu* 
lar  height  of  any  of  them  did  not  exceed  two  hundred  feet,  the 
depth  of  their  inverted  cone  within  was  three  tiroes  a5  g^eat.  It 
would  not  have  been  possible  for  us  to  have  breathed  on  tliese  new 
mountains  near  their  craters,  if  we  had  not  taken  the  precaution  jo( 
tying  a  doubled  handkerchief  over  our  mouths  and  nostrils;  aw} 
even  with  that  precaution  we  could  not  resist  long,  the  fumes  of  the 
vitriolic  acid  were  so  exceedingly  penetrating,  and  of  such  a  sufio- 
cating  quality.  We  found  in  one  a  double  crater,  like  two.  funnels 
joined  together;  and. in  all  there  was  some  Utile  smoke  aud  deposi* 
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lioM  or  sails  and  sulpliun,  of  the  vktUius  colours  above  mentioned, 
jiiM  ai  i»  commonly  seen  ad  I  te  ring  (o  i)ie  inuer  walls  of  tbe  principal 
crater  of  Vesuvins. 

Ttvo  or  lliree  day*  afler  we  had  lieen  here,  one  of  Ihe  new'  i 
mouliis  kilo  wliicli  we  bad  looked,  suddenly  made  a  greul  explosion'  I 
of  slones,  smoke,  and  aslies,  which  would  cerlainly  have  proved  fatal'  i 
l>i  any  one  who  miglil  unfurl  una  tely  have  been  there  at  the  time  of  I 
llie  explosion.     We  read  of  a  like  accident  having  proved  fatal  W  I 
more  than  twenty  people,  who  had  the  curiosity  to  look  into  th*' I 
crater  of  the  Monle  Nuovo,  near  Pozifuoli,  a  few  days  after  its  for^a 
malion,  in  tlie  year  1538.     The  15th  of  August,  I  saw  a  suilden  | 
explosion  of  smoke  ajid  asbes,  thrown  to  an  extreme  height  out  of  | 
Ihe  great  crater  of  Vesuvius,  that  must  have  destroyed  any  t 
within  half  a  mile  of  it ;  and  yet  on  Ihe  19th  of  July  a  party  tmt  1 
ooly  had  visited  that  crater,  but  bad  defended  170  feet  within  it>' 
Whilst  we  were  on  the  mouutain,  two  uhirlninds,  exactly  like  thoi 
that  form  water-spouts  at  sea,  made  Iheir  appearance;  and  one  of  1 
Uiem  that  was  vcty  near  us  made  a  strange  rushing  noise,  and  having  ' 
taken  up  a  great  quantity  of  Itne  ashes,  formed  them  into  an  ele- 
vated spiral  column,   which,  with  a   whirling   motion  and  great 
rapidity,  was  carried   towards  the  mouutain  of  Somma,  where  it 
broke  and  was  dispersed.     As  there  were  evident  sign*  of  an  abun- 
dance of  electricity  in  the  air  at  this  time,  I  have  no  doubt  of  this 
having  been  also  an  electrical  operation.     One  of  my  servants,  em- 
ployed in  collectJug  of  sulphur,  or  sal  ammoniac,  which  crystallizes 
near  the  fumaroti,  as  they  are  called  here  (and  which  are  Ihe  spots 
from  whence  Ihe  hot  vapour  axw!,  out  of  the  fresh  lava),  found  to 
his  great  suqirise  an  exceeding  cold  wind  i^sire  from  a  fissure  very 
near  Ihe  hut/umoro/i  abovemeiitioneJ  upon  his  leg;  I  pnt  my  band 
to  the  spot,  and  found  the  same  ;  but  it  did  not  surprise  me,  as  before 
OP  Mount  Vesuvius,  on  the  mountain  of  Somuia,  on  Mount  Etna, 
and  in  Ihe  island  of  Ischia,  I  had  met  with,  on  patlicular  spots,  the 
like  currents  of  extreme  cold  air  issuing  from  beuealli  the  ancient 
lavas,  and  whieb,  being  constant  to  those  spots,  are  known  by  the 
name  of  venioroH.    In  a  vineyard  not  in  the  same  line  with  the  new- 
formed  moutiiuins  just  described,  but  in  a  right  line  from  them,  at 
the  distance  of  little  nmre  than  a  mile  from  Torre  del  Greco,  are 
lliree  or  four  more  of  these  new-formed  mouulains  with  craters,  out 
of  whicli  the  lava  flowed,  and  by  uniting  with  the  streams  that  came 
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from  the  higher  mouths,  myl  adding  to  their*  lieiat  and  fluidfty, 
enabled  the  whole  current  to  make  so  rapid  a  progress  over  the  un* 
fortunate  town,  as  scarcely  to  allow  its  inhabitants  sufficient  time  to 
escape  with  their  lives.  The  rich  vineyards  belonging  to  the  Torre 
del  Greco,  and  which  produced  the  good  wine  called  Laerima 
Ckriiti,  that  have  been  buried,  and  are  totally  destroyed  by  this 
lava,  consisted^  as  1  have  been  informed,  of  more  than  three  tfaoo- 
saud  acres ;  but  the  destruction  of  the  vineyards  by  the  toncots  of 
mud  and  water  at  the  foot  of  the  mountain  of  Somma,  is  much  more 
extensive. 

I  visited  that  part  of  the  country  also  a  few  days  after  I  had  been 
on  Vesuvius,  not  being  willing  to  relate  to  you  any  one  ciicomstaace 
of  the  late  formidable  eruption  but  what  I  had  reason  to  bdiete 
was  founded  on  truth.  The  first  signs  of  a  torrent  that  I  met  with, 
was  near  the  village  of  the  Madonna  dell*  Arco,  and  I  paas^  sevend 
others  between  that  and  the  town  of  Ottaiano;  the  mm 
Trochia,  and  two  near  the  town  of  Somma,  were  the  moat 
derable,  and  not  less  than  a  quarter  of  a  mile  in  breadth ;  and  as 
several  eye-witnesses  assured  me  on  the  spot,  werr,  when  Ihej  powcd 
down  from  the  mountain  of  Somma,  from  twenty  to  tbfaly  fiset 
high ;  it  was  a  liquid  glutinous  mud,  composed  of  scorke,  ashes, 
stones  (some  of  which  of  an  enormous  sixe)  mixed  with  tvecs  that 
had  been  torn  op  by  the  roots.  Such  torrents,  as. you  may  well  hhk 
gine,  were  irresbtible,  and  carried  all  before  them ;  houstes,  walls, 
trees,  and,  as  they  told  me,  not  less  than  four  thousand  sheep  and 
other  cattle,  bad  been  swept  off  by  the  several  torrents  on  that  side 
of  the  mountain.  At  Somma  they  likewise  told  me  that  a  team  of 
eight  oxen,  that  were  drawing  a  large  timber  tree,  had  been  carried 
off  from  thence,  and  never  were  more  heard  of. 

The  appearance  of  these  torrents,  when  I  saw  them,  was  like  that 
of  all  other  torrents  in  mountainous  cquntries,  except  that  what  had 
been  mud  was  become  a  perfect  cement,  on  which  nothing  leas  than 
a  pick-axe  could  make  any  impression.  The  vineyards  and  culti- 
vated lands  were  here  much  more  ruined;  and  the  limbs  of  the 
trees  much  more  torn  by  the  weight  o(  the  ashes,  than  those  whidi 
I  have  already  described  on  the  sea  side  of  the  volcano. 

The  Abb^  Tata,  in  his  printed  account  of  this  eruption,  has  given 
a  good  idea  of  the  abundance,  the  great  weight,  and  glutinon 
quality  of  these  asheS|  when  he  says  that  having  t^en  a  bfiadi 
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Jtou  a  fig-tice  stilt  standing  near  llie  town  of  Somnia,  on  nhicli 
weic  only  si\  leaves,  and  two  tittle  unripe  figs,  and  liaving  weighed 
it  wilh  the  ashes  attached  to  it,  lie  found  it  lo  be  thirty-one  ounces ; 
when  having  washed  off  tlie  volcauic  matter,  it  scarcely  weighed 
three  ounces. 

I  saw  several  houses  on  the  road,  in  my  way  to  the  town  of 
Sorama,  with  their  roofs  beaten  in  by  the  weight  of  the  ashes.  In 
the  town  of  Somma,  I  found  four  churches  and  about  seventy  houses 
without  roofs,  and  full  of  ashes.  The  great  damage  on  this  side  of 
tbe  mountain,  by  the  fall  of  ihe  ashes  aud  the  torrents,  iiiippened  on 
■he  I6lh,  igth,  and  30th  of  June,  and  on  the  12lhofJiily.  I  heard 
but  of  three  lives  that  had  been  lost  at  Somma  by  Ihe  fdll  of  a  house. 
The  tgth,  the  ashes  fell  so  thick  at  Somma  (as  they  told  me  there), 
that  unless  a  person  kept  in  motion,  he  was  soon  fixed  lo  the  ground 
by  tliem.  This  full  of  ashes  was  accompanied  also  with  loud  re- 
ports, and  fre<iuent  flashes  of  the  volcanic  lightning,  so  that,  sur- 
rounded by  so  many  horrors,  it  vian  impossible  tor  (he  inhabitants 
(o  remain  in  the  town,  and  tiiey  all  fled ;  the  darkness  was  such, 
although  it  wus  mid-day,  that  even  wilh  the  help  of  torches  it  was 
scarcely  possible  to  keep  in  the  high  road  ;  in  short,  what  they  de- 
cribed  to  me  was  exactly  what  Pliny  the  younger  and  his  mother  had 
experienced  at  Misenum  during  the  eruptioo  of  Vesuvius  in  the 
reign  of  Titus,  according  to  his  second  letter  to  Tacitus  on  that 
subject.  1  found  that  the  niajotity  of  people  bere  were  convinced 
that  the  lorrt^nls  of  mud  and  water,  that  had  dnne  them  so  much 
mischief,  came  out  of  Ihe  crater  of  Vesuvius,  and  that  it  was  sea- 
water  ;  but  there  cannot  be  any  doubt  of  thoie  floods  having  been 
occasioned  by  the  sudden  dissolution  of  watery  clouds  mixed  wtlli 
■sties,  the  air  perhaps  having  been  loo  much  rarefied  to  support 
(hem ;  and  when  such  clouds  broke  and  fell  heavily  on  Vesuvius, 
(lie  water  not  being  able  to  penetrate  as  usual  into  the  pores  of  the 
eartb,  which  were  then  filled  up  with  liie  tine  ashes  of  a  bituminous 
and  oily  quality,  nor  having  free  access  lo  the  channels  which  usu- 
ally carried  it  off,  accumulated  in  pools,  and  mixing  with  more 
ashes,  rose  to  a  great  height,  and  at  length  forced  its  way  through 
r  channels,  and  came  down  in  torrents  over  countries  where  it 
was  least  cxjtected,  and  spread  itself  over  the  fertile  lands  at  tbe 
foot  of  the  mountain.  From  what  I  have  seen  lately,  1  begin  lo 
«loubt  very  much  if  the  water,  by  which  so  much  damage  was 
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done,  and  so  many  lives  were  lost  during  the  terrible  eruptioii  of 
Vesavius  in  l631,  did  really»  as  was  generally  supposed,  come  out 
of  the  crater  of  the  volcano  :  sentiments  were  divided  then,  as  they 
are  now,  on  that  subject ;  and  since  in  all  great  eruptions  the  ccatej 
of  the  volcano  must  be  obscured  by  the  clouds  of  ashes,  as  it  pro- 
bably was  then,  and  certainly  was  during  the  violence  of  the  late 
/eruption,  therefore  it  must  be  very  difficult  to  ascert^  exactly  from 
whence  that  water  came.  The  more  extraordinary  a  circumstance 
is,  the  more  it  appears  to  be  the  common  desire  that  it  8boul4  .be 
(Credited ;  from  this  principle,  one  of  his  Sicilian  Majesty's  gardeners 
of  Portici,  went  up  to  the  crater  of  Vesuvius  as  soon  as  it  was  prac* 
ticable,  and  came  down  in  a  great  fright,  declaring  that  he  had  seen 
it  full  of  boiling  water.  The  Chevalier  Macedonio,  intendant  cf 
Portici,  judged  very  properly,  that  to  put  an  end  to  the  alarm  this 
report  had  spread  over  the  country,  it  was  necessary  to  send  up 
people  he  could  trust,  and  on  whose  veracity  he  might  depend* 
Accordingly  the  next  day,  which  was  the  l6th  of  July^  Signor 
Guiseppe  Sacco  went  upi  well  attended,  and  proved  the  gardener's 
assertion  to  be  absolutely  false,  there  being  only  some  little  signs  of 
mod  from  a  deposition  of  the  rain  water  at  tbe  bottom  of  the  crater. 
Accordnig  to  Sacco's  account,  which  has  been  prmted  at  Naples,  the 
crater  is  of  ap  irregular  oval  form,  and,  as  he  supposes  (not  having 
been  able  to  measure  it)  of  about  a  mile  and  a  half  in  circora* 
ference;  by  my  eye  I  should  judge  it  to  be  more;  the  inside,  as 
usual,  in  the  sliape  of  an  inverted  cone,  tlie  inner  walls  of  which  on 
the  eastern  side  are  perpendicular ;  but  on  the  western  side  of  the 
crater,  which  is  much  lowes,  the  descent  was  practicable,  and 
iSacco  with  some  of  his  companions  actually  went  down  176  palms, 
from  which  spot,  having  lowered  a  cord  with  a  stone  tied  to  it,  they 
jfound  the  whole  depth  of  the  crater  to  be  about  500  palms.  But 
such  observations  on  the  crater  of  Vesuvius  are  of  little  consequence, 
as  both  its  form  and  apparent  depth  are  subject  to  great  alterations 
JTrom  day  to  day*  These  curious  observers  certainly  ran  some  risk 
^t  that  time,  since  which  such  a  quantity  of  scorite  and  ashes,  have 
been  thrown  up  from  the  crater,  and  even  so  lately  as  the  15th  of 
this  mopthj  as  must  have  proved  fatal  to  any  one  within  their 
reach. 

The  22d  of  July,  one  of  the  new  craters,  which  is  the  nearest  to 
Ihe  towtt  of  Torre  del  Qreco,  threw  up  both  fire  and  smoke,  wbicb 
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circumstance,  added  to  tliat  <>l'  ilie  lava'*  retaining  lU  heal  mocli 
lunger  Ibuii  usuul,  seems  lo  imlifsle  llmt  lliere  may  iiill  l>e  ranie  fer- 
luenlalion  undi-r  Ihnt  pail  of  the  volcano.  Tlie  lava  in  cooling 
ol'len  crark),  and  causes  a  loud  cxplosicni,  jusl  as  the  ice  does  in  the 
Glaciers  in  Switzerland  ;  tucli  reports  are  ricquenlly  lieaid  now  ■( 
the  'I'oire  licl  Greeo ;  and  us  some  nf  llie  inlinbitants  loid  me,  they 
often  see  a  vapour  isiue  from  the  bodv  of  the  Lava,  and  taking  fire  in 
Ihe  air,  fall  like  those  meteors  vulgMrl^  called  fallin»  stars. 

Tlie  durkness  occusioued  by  the  tal)  of  the  ashes  in  the  Campigw 
Felice  extended  il^telf,  and  varied,  according  to  the  ptevai'iag  wiiidi,  ^ 
Ob  the  Iglh  of  J  ime  it  was  ao  dark  at  Cajerla,  which  is  tifleen  m 
from  NBple<i,  as  to  oblige  the  iiihabiliinls  to  light  candlei  at  mid-dajr;' 
and  oue  day  duriii<;  tlie  eruption,  ihe  darkneis  spread  over  Beii»>  I 
vento,  vbich  is  thirty  mites  from  Vetiivius. 

The  Archbishop  nf  Tar^nto,  in  a  letter  to  Naples,  and  dated  fron 
Ihai  city  the  ISih  of  June,snid,  "  We  ate  iuvolved  in  a  thick  cloud  1 
of  minute  vulcanic  a^he^  »nd  we  iraaf^inc  (but  there  must  be  b  greit  ■{ 
eruption  cither  of  Mount  Etna,  or  of  Stromboli."  The  bjsliop  did 
nut  dreoDt  of  their  bating  proceeded  from  Vesuvius,  wiiich  n  about 
360  miles  from  Tariinto.  We  have  bad  accounts  also  ottlie  fall  oE 
the  aslies  during  the  lute  eruption  at  the  very  extremity  of  the  pro- 
tince  of  Lecce,  which  is  still  farther  oil';  and  we  have  been  ussured 
likewise,  tliat  those  clouds  were  replete  with  electricul  mutter  :  at 
flJiirtioo,  Dear  Taranio,  a  hou^e  was  struck  and  much  damaged  by 
llw  lifjlitniiig  from  one  of  these  clouds,  lo  the  ai^countsof  the  great 
eruption  of  Vesuvius  in  l63l,  mention  is  made  of  the  extensive 
pro^reM  of  the  a^hes  from  Vesuvius,  and  of  the  damage  done 
by  {bcJenUi,  or  volcanic  lightning,  which  attended  (hem  in  tbeir 
eourM, 

1  ntu!it  here  mention  a  very  extraordinary  circumstHnce  indeed, 
that  happened  near  Sienim  in  the  Tuscan  state,  about  eighteen  hours 
after  the  coinmrncenKiit  of  the  late  eruption  of  Vesuvius  on  Ihe 
|5th  of  June,  although  that  phenomenon  may  have  no  relation  to 
Ihe  eruption  ;  ami  which  was  communicated  to  me  in  the  following 
>vords  by  the  Karl  of  Bristol,  bishop  nf  Derry,  in  a  letter  dated  from 
Sienna,  July  t2tb,  17p4:  "  In  the  midst  of  a  most  violent  thnndcr- 
Momi,  about  a  dozen  stones  of  variouit  weights  and  dimensions  fell 
at  tin  feet  of  diH'ereut  people,  men,  women,  and  cliildren;  the 
stones  are  of  a  quality  not  found  in  any  part  of  the  Steuuese  tcrri-^ 
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ftory;  tbej  fell  about  eigbtreo  boon  efler  the  cik»ibou8  eruptioo  of 
-Vesuvius,  wbicb  circumstance  leaves  a  cboice  of  diffieulties  in  tbe 
;M>lution  of  this  extraordinary  pbttoomenoo:  either  these  stones 
have  been  generated  in  thb  igneous  mass  of  clouds,  which  produced 
such  unusual  thunder,  or,  which  is  equally  incredible,  tbey  were 
thrown  from  Vesuvius  at  a  distance  of  at  least  250  miles ;  judge 
then  of  its  parabola.  The  philosophers  here  incline  to  the  fint 
solution.  I  wish  much.  Sir,  to  know  your  sentiments.  My  fint 
4>lijection  was  to  the  fact  itself;  but  of  this  there  are  so  many  eye- 
witnesses, it  seems  impossible  to  withstand  their  evidence«  and  now 
I  am  reduced  to  a  perfect  scepticism."  His  lordship  was  pleased 
to  send  me  a  piece  of  one  of  the  largest  stones,  which  when  entire 
weighed  Upwards  of  five  youuds ;  1  have  seen  another  that  has  been 
sent  to  Naples  entire,  and  weighs  about  one  pound.  Tbe  outside 
of  every  stone  that  has  been  found,  and  has  been  ascertained  to  have 
fallen  from  the  cloud  near  Sienna,  is  evidently  freshly  vitrified,  and 
IS  black,  having  every  sign  of  having  passed  through  an  eztieBM 
beat ;  when  broken,  the  inside  b  of  a  light-grey  colour  mixed  with 
bkck  spotSi  and  some  shining  particles,  which  the  learned  here  have 
decided  to  be  pyrites,  and  therefore  it  cannot  be  a  lava,  or  th<y 
would  have  been  decomposed.  Stones  of  the  same  nature,  at  least 
as  far  as  the  eye  can  judge  of  them,  are  frequently  found  oo  Mount 
Vesuvius ;  and  when  I  was  on  tbe  mountain  lately,  1  searched  fiir 
such  stones  near  tbe  new  mouths,  but  as  the  soil  round  diem  has 
been  covered  with  a  thick  bed  of  fine  ashes,  whatever  was  thrown 
mp  during  tbe  force  of  the  eruption  lies  buried  under  those  ashes. 
Should  we  find  similar  stones  with  the  same  vitrified  coat  on  them 
on  Mount  Vesuvius,  as  I  told  Lord  Brntol  in  my  answer  to  his  letter, 
the  question  would  be  decided  in  favour  of  Vesuvius ;  unless  it 
could  be  proved  that  there  bad  been,  about  the  time  of  the  fiiA  of 
these  stones  in  the  Sanese  territory,  some  nearer  opening  of  the 
earth,  attended  with  an  emission  of  volcanic  matter,  which  might 
very  well  be,  as  the  mountain  of  Radicofaui,  within  fifty  miles  of 
Sienna,  is  certainly  volcanic,  i  mentioned  to  hb  lordsbqp  another 
idea  that  struck  me.  As  we  have  proofs  during  the  late  eruptioa 
of  a  quantity  of  ashes  of  Vesuvius  having  been  carried  to  a  greater 
dbtance  than  where  the  stones  fell  in  the  Sanese  territory,  might  not 
the  same  ashes  have  been  carried  over  the  Sanese  territory,  aad 
mixing  with  a  stormy  cloud,  have  been  collected  together  jurt  as 
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bailttonM  are  lometimes  into  lumps  of  ice,  in  whicli  shape  tbej 
fall  i  and  might  not  the  exterior  vitrification  of  those  lumps  of  ao 
ciimuluted  nni)  hardened  volcanic  matler  have  heen  occasioned  by 
the  action  of  the  electric  fluid  on  tliem )  The  celebrated  Faiher  Am- 
brogio  Soldani,  professor  of  malhetiialics  in  the  universit}'  of  Sienna, 
u  printing  there  his  dissertation  upon  this  extraordinar)'  phenome- 
noa ;  wherein,  as  I  have  been  a^ured,  he  has  decided  that  those 
slones  were  generated  in  the  air  i  nde  pen  dent)  j-  of  volcanic  asstsW 
ance. 

Until  aAer  the  7th  of  July,  when  the  last  cloud  broke  over  Vch 
suvius,  and  formed  a  tremendous  torrent  of  mud,  which  took  its 
course  across  the  great  road  between  Torre  del  Greco  and  the  Torn 
deir  Annuniiala,  and  destroyed  many  vineyards,  the  lute  eruptios 
could  not  be  said  to  have  tinished,  although  the  force  of  it  was  one 
tlie  22d  of  June,  since  which  time  the  crater  has  been  usually  visible. 
The  power  of  attraction  in  mountains  is  well  known ;  but  whether 
the  attractive  power  of  a  volcanic  mountain  be  greater  than  that  of 
wny  othcT  mountain,  is  a  question :  all  I  can  say  is,  that  during  tbu 
last  eruption  every  watery  cloud  has  been  evidently  attracted  by  Ve> 
suvius,  and  the  sudden  dissolution  of  those  clouds  has  left  such 
■  marks  of  their  destructive  power  on  the  face  of  the  country  aU 
round  the  basis  of  the  volcano  as  will  not  soon  be  erased.  Since  tbe 
mouth  of  Vesuvius  has  been  enlarged,  1  have  seen  a  great  cloud 
passing  over  it,  and  which  not  only  was  attracted,  but  was  sucked 
in,  and  disappeared  in  a  inonient. 

After  every  violent  eruption  of  Mount  Vesuvius,  ne  read  of  da- 
mage done  by  a  mephitic  vapour,  which  coining  from  under  the 
ancient  lavas,  insinuates  itself  into  low  places,  such  as  the  cellan 
lod  wells  of  the  houses  situated  at  tbe  foot  of  tbe  volcano.  After 
tbe  eruption  of  1767,  I  remember  that  there  were  several  instanco^ 
■9  in  this,  of  people  going  into  their  cellars  at  Portici,  and  other 
parts  of  that  neighbourhood,  having  been  struck  down  by  Ibis  *»• 
poor,  and  who  would  have  expired  if  ihey  liad  not  been  hastily 
removed.  Tliese  occasional  vapours,  and  which  are  called  here 
mofele,  are  of  the  same  quality  as  that  permanent  one  in  the  Grotla 
del  Cane,  near  the  lake  of  Aguano,  and  which  has  been  proved  la 
be  chiefly  fixed  air.  The  vapours,  that  in  tbe  volcanic  language  of 
this  country  are  called /umaro/t,  are  of  another  nature,  and  issue  ftoa 
■polB  all  over  tbe  fresh  and  bol  lavas  whilst  tbey  are  cooling:  ih^ 
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are  sulphureous  and  suffocatiogf  so  much  so  that  often  the  binb 
that  are  flying  over  ifaetn  are  overpoHrered,  and  fall  dovrn  dead;  of 
which  we  have  had  many  examples  during  this  eruption,  particularly 
of  wood  pigeons,  that  have  been  found  dead  on  the  lava.  These 
vapours  deposit  a  crust  of  sulphur,  or  salts,  particular)^  of  sal  am- 
moniac, on  the  scorisB  of  the  lava  through  which  they  pass;  and  the 
Imall  crystals  of  which  they  are  composed  are  often  tinged  with  t 
deep  or  |)ale  yellow,  with  a  bright  red  like  danabar,  and  sometimes 
with  green,  or  an  azure  blue.  Since  the  late  eruptioa,  many  pieces 
bf  the  scoriae  of  the  fresh  lava  have  been  fo«nd  powdered  with  a 
lucid  substance,  exactly  like  the  brightest  steel  or  iroo  filings. 

Tlie  first  appearance  of  the  mqfeie,  after  the  late  emptioo,  wi^ 
on  the  17tb  of  June,  when  a  peasant  going  with  an  ass  to  hb  vok- 
^rd,  a  little  above  the  village  of  Resina,  in  a  narrow  hollow  wnji 
the  asM  dropped  down,  and  seemed  to  be  expiring;  tbe  peatant  was 
soon  sensible  of  the  mephitic  tapour  himself,  and  well  knowing  its 
fatal  eflects,  dragged  tlie  animal  out  of  its  influents,  and  k  sooo  le* 
covered.    From  that  time  these  vapours  have  greatly  incrcmicd,  uA 
extended  themselves.    There  are  to  thb  day  many  cellars  and  w^ 
«ll  the  way  from  Portici  to  Torre  dell'  Anminziata,  greatly  aftdcd 
by  them.    This  heavy  vapour,  when  exposed  to  the  open  air»  does 
not  rise  much  more  than  a  foot  above  the  surface  of  the  earth,  bat 
when  it  gets  into  a  confined  place,  like  a  cellar  or  well,  it  rises  aai 
fills  them  as  any  other  fluid  wuuld  do ;  having  fllled  a  well,  it  rixt 
above  it  about  a  foot  high,  and  then  bending  over,  falls  to  the  eaith^ 
on  which  it  spreads,  always  preserving  its  usual  level*     Whenver 
this  vapour  issues,  a  wavering  in  the  air  is  perceptible,  like  tM 
which  is  produced  by  the  burning  of  charcoal ;  aud  when  it  issaei 
from  a  Assure  neat^any  plants  or  vegtrtables,  the  leaves  of  those  plaili 
are  seen  to  move,  as  if  they  were  agitated  by  a  gentle  wind.     It  is 
extraordinary,  that  although  there  does  not  appear  to  be  any  poi» 
sonous  quality  in  this  vapour,  which  in  every  respect  resembles  fixed 
air,  it  should  prove  so  very  fatal  to  tlie  viiicyards,  some  thousand 
acres  of  which  have  been  destro}ed  by  it  since  the  late  eniplieB; 
when  it  penetrates  to  the  roots  of  the  vines,  it  dries  tbesi  up,  aad 
kills  the  plant.     A  peasant  lu  the  neighbourhood  of  Resma  haviiy 
sufli^red  b^  the  mojtte^  which  destroyed  his  vineyards  in  the  year 
1767»  and  having  observed  then  that  the  vapour  followed  tbe  laai 
tf  all  fluids,  made  a  narrow  deep  ditch  all  round  his  vineyaid. 
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I  conimiuiicaled  wllli  ancient  \us»f,  mid  also  to  a  deep  cnvern  under 
oat  of  ihem  ;  tlie  consequence  of  his  we lUreasoned-ope ration  has 
I  bceu,  llial  allliau^ii  surrounded  at  present  by  titese  noxious  vapours^ 
and  wbicli  lie  conslanlly  at  llic  kollom  of  his  dilcli,  they  have  never 
I  catered  his  %inejard,  aud  his  vines  are  now  in  a  flourishing'  slaiv, 
I  whilst  liiose  uf  his  neighbours  are  perishing.  Upwards  of  ihirteen 
hundred  hares,  and  m^  piieaaatits  aud  partridges,  overtaken  by  thiv 
vapour,  have  been  found  dead  within  his  SiciUan  niujeity's  reserved 
I  chases  in  the  ueighbourhood  of  Vesuvius;  and  also  many  domestic 
cats,  who  in  their  pursuit  alter  this  game,  fell  victims  to  the  mofete. 
A  few  days  ago  a  sliuul  of  fish,  of  several  hundred  weight,  having 
been  observed  by  some  fiiherracu  at  Resiua  in  great  agitation  on  the 
■uriate  of  the  sea,  near  some  rocks  of  uu  ancient  luva  that  had  rutt 
uilu  the  sea,  they  surroimiled  tliem  with  their  uets,  and  took  Ihetn 
hH  viHh  ease,  aud  afterwards  discovered  that  ihey  had  been  stnnned 
1>J  the  mephitic  vapour,  which  at  that  tinie  issued  forcibly  ftom  un- 
derneath the  ancient  lava  inio  the  sea.  1  have  been  assured  by 
many  lishcrinen,  that  during  the  force  of  the  late  eruption  the  fi^i 
liad  totally  ahandoned  the  coast  from  Portici  to  the  Torre  dell' 
Aunuujnala,  and  ihat  tbey  could  not  take  one  in  their  nets  nearer 
tiie  shore  than  two  miles.  The  divcrv  ibere,  who  fish  for  the 
mncim  (which  we  call  sea-egKs)  and  other  .shell  fish,  likewise  told  me, 
lhat  for  the  space  of  a  mile  from  Ihat  shnre,  since  iba  eruption,  they 
Lave  found  all  the  fish  dead  in  their  shells,  as  ihej'  sujiposc  either 
from  the  beat  of  the  sand  at  the  bottom  of  llie  sea,  or  from  poison- 
ous vapours.  The  divers  at  Naples  complain  of  their  linduig  also 
many  of  these  shell  lisb,  or  as  they  are  called  here  in  gc-uernl  terms 
fruHi  di  mare,  dead  in  their  shells, 

i  thought  Hint  these  little  well  attested  facts  might  contribute  to 
show  the  great  force  of  the  wonderful  chemical  operation  of  nature 
that  has  lately  been  exhibited  here.  The  mofette,  or  fixed-air  va- 
pours, must  rcrtuiuly  have  been  generated  by  the  action  of  the 
vilrioiic  acid  upon  the  calcareous  earth,  as  bolli  abound  in  Vesuvius. 
Tbe  sublimations,  which  are  visibly  operating  by  the  chemistry  of 
nature  all  along  the  course  of  the  la>it  lava  that  ran  front  Vesuvius, 
and  particularly  in  and  aboul  the  new  mouths  that  have  been  formed 
by  the  late  eruption  on  the  flaidvs  of  the  volcano,  having  been  ana- 
iyxed  by  Signor  Domenico  Tomaso,  an  ingenious  chemist  of  Maples, 
aud  whose  cxperunenls,  and  the  result  of  them,  are  now  publbhed. 
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hive  been  found  to  be  chiefly  stl  atnttmniar,  nuxed  with  t  amill 
quantity  of  the  calx  of  iron :  but  not  to  betiaj  my  igiibraiice  on 
this  subject,  and  pretending  to  nothing  more  than  the  being  aa 
exact  ocular  observer*  I  refer  you  to  the  work  itself,  which 
panics  this  letter.  Many  hundred  weight  of  the  Vesuran  sal 
moniac  have  been  collected  on  the  mountain  since  the  late  erupCioB 
by  the  peasants,  and  sold  at  Naples  to  the  refiners  of  metab;  at  fast 
if  was  sold  for  jibout  sixpence  a  pound,  but<  fnmi  its  abuodaaec^  the 
price  is  now  reduced  to  half  that  money ;  and  a  much  greater  quan* 
tity  must  have  escaped  in  the  air  by  ev^Mfration• 

The  situation  of  Mount  Vesuvius  so  near  a  great  aqpital,  and  the 
facility  of  approaching  it,  has  certainly  afforded  more  opportuntiei 
of  watching  the  operations  of  an  active  volcano^  and  of  making  ob> 
servations  upon  it^  than  any  other  volcano  on  the  face  of  the  cutk 
has  allowed  of.  The  Vesuvian  Diary«  which  by  my  cave  has  mm 
been  kept  with  great  exactness,  and  without  mterruption  for  moie 
than  fifteen  yean,  by  the  worthy  and  ingenious  PiMire  Antonio 
Piaggi,  as  mentioned  in  the  beginning  of  thb  letter,  and  which  it  ii 
my  intention  to  deposit  in  the  library  of  the  Royal  Society,  will  aha 
throw  a  great  light  upon  this  curious  subject.  But  as  tlMre  is  evciy 
reason  to  believe,  with  Seneca  ^,  that  the  seat  of  the  fire  that  causa 
these  eruptions  of  volcanoes  is  by  no  means  superficial,  but  lies  deep 
in  the  bowels  of  the  earth,  and  where  no  eye  can  penetrate,  it  will 
I  fear,  be  ever  much  beyond  the  reach  of  the  limited  human  unde^ 
standing  to  account  for  them  with  any  degree  of  accuracy.  There  are 
modem  philosophers  who  propose,  with  as  great  confidence,  the  erect- 
ing of  conductors  to  prevent  the  bad  effects  of  earthquakes  and  volca- 
noes, aud  who  promise  themselves  the  same  success  as  that  whieh 
attended  Dr.  Franklm's  conductors  of  lightning;  for,  as  they  say,  all 
proceed  from  one  and  the  same  cause,  electricity.  When  we  reflect 
how  many  parts  of  the  earth  already  inhabited  have  evidently  bcea 
thrown  up  from  the  bottom  of  the  sea  by  volcanic  explosions,  aad 
the  probability  of  there  being  a  much  greater  portion  under  the 
same  predicament,  as  yet  unexplored,  the  vain  pretensions  of  weak 
mortals  to  counteract  such  great  operations,  carried  on  surely  for  the 
■"  ■  •■   '  ■  ■  ■        ■  ■    I. 

*■  **  Non  ipse  ex  se  ett,  aed  in  aliqoa  inferna  valle  conceptis  exKStoat,  et 
**  alibi  paicitiiri  in  ipto  monte  non  Mtimentum  kahetf  ted  vf«m,"— Sracca, 
Epist.  79. 
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4>isesl  puqMsei  by  Ihe  beueficent  AulhoT  of  DHlure,  sppour  lo  me  lo 

be  iiuitc  ridiculous. 

Let  U9  llieii  content  oUnelvrs  willi  sreine,  ms  wril  as  we  can,  what 

wcare  pemiilleil  to  Me,  And  renson  iipiin  il  lu  llic  iKst  of  oitr  tiinited 

kndenlandings,  well  amired  that  uhalevfr-is,  iarif;iil. 

Tlie  late  suflerers  at  Tone  del  Greco,  alihbugli  His  Sicilian  Ma- 
'jjtaty,  witli  liis  usual  rlemenry,  offered  ihem  a  more  spcilre  ipof  to, 
''M>uild  their  town  on,  are  obstinately  ein|ilnyed  in  rr ttuiliting  it  oii 
'die  late  and  still  siniikin^  lava  that  covers  their  foTniLT  liubitalions ; 
I'klMl  Ihete  does  not  appear  to  be  anj  situation  nioie  exposed  lo  the 

BUnwruu*  tfanG:ers  that  muil  attend  the  neisliliuiirlinod  of  an  active 

♦olcano  than  (hat  of  Torre  del  Greco.  It  «a*  toiiilly  dealroyed  iri 
'  1631  :  and  in  the  year  1737  a  dreadful  l^iva  ran  within  a  few  yards 

of  oat  of  the  gates  of  the  tow  n,  and  now  over  the  middle  of  it ;  o*- 

V«rthelpsi,  such  is  the  atladinient  of  the  inhuhilants  lu  their  native 
^K>t,  allhuugh  alleiided  with  such  imminent  dani^er,  that  of  is.ODO 
.not  one  gave  his  vote  lo  abandon  it.     When  I  was  in  Calabria, 

during  the  earthquakes  of  17^3,  I  observed  in  the  Calabrcse  Ihe 

Mnie  atlachmenl  to  native  soil;  Some  of  the  towns  that  were  totally 
jUcsiroyed  by  the  eartbqnakes,  and  which  had  been  ill  situated  in 
i-cvery  resjKCl,  and  in  a  bad  air,  were  lo  be  rebuilt ;  and  yet  it  re- 
iquired  the  authority  of  govenmieut  to  oblige  the  inhabilants  of  those 
[tained  towns  to  change  their  situation  for  a  much  belief-. 
r  Upon  Ihe  whole,  haviiig  read  every  account  of  the  former  erup- 
I  iiiont  of  Mount  Vesuvius,  1  am  well  convinced  fliat  this  eruption  w'as 

hy  far  the  most  violent  that  lias  been  recorded  ufier  the  great  erup. 
'Botwof  79  and  idsi,  which  were  undoubtedly  siill  more  violent 

■nd  destructive.  Tlie  same  phenouienoti  atlendd  the  Iflst  eruption 
'■s  Ihe  two  former  abovemenlioned,  but  on  a  less  scale,  and  without 
'the  circumslaocc  of  the  sea  having  retired  from  the  coast.  I  re- 
pnriied  more  than  once,  whilst  I  was  in  my  bnat.  ati  uunsuat  motion 
m  Ibe  lea  during  the  late  eruption.    On  the  I8lh  of  June  I  observed, 

tod  to  did  my  boatman,  thai  :i1lhough  il  was  a  perfect  calm,  the 
I^Mves  suddenly  rose  and  dashed  anainst  the  shore,  ciuising  a  while 

feani,  but  which  subsided  in  a  few  minutes.  On  the  I3>h,  Ihe  night 
I  of  the  great  eruplion,  the  corks  that  support  the  nuts  of  Ihe  royal 

Innny  fishery  at  Portici,  and  which  usu.illy  float  upon  Ihe  surface  of 

Ibe  sea,  were  suddenly  drawn  under  water,  and  remained  so  for  a 
'  ritorl  apace  of  time,  which  indicates,  that  either  there  must  have 
VOL.  I.  2  i» 
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been  at  that  time  a  swell  in  the  sea»  or  a  depression  or  sinking  tt 
the  earib  under  it. 

From  what  we  have  seen  lately  here,  and  from  what  we  read  of 
former  eruptions  of  V^esuvius^  and  of  other  active  volcanoes,  their 
neighbourhood  must  always  be  attended  with  danger;  with  thb 
consideration,  the  very  numerous  population  at  the  foot  of  Vesuvius 
is  remaikable.  From  Naples  to  Castel*a-mare,  about  fifteen  miks* 
is  so  thickly  spread  with  houses  as  to  be  nearly  one  continued 
street,  and  on  the  Sommaside  of  the  volcano,  the  towns  and  viUagei 
are  scarcely  a  mile  from  one  another i  so  that  for  thirty  miksi 
which  is  the  extent  of  the  basis  of  Mount  Vesuvius  and  Somma,  the 
population  may  be  perhaps  more  numerous  than  that  of  any  spot 
of  a  like  extent  in  Europe,  in  spite  of  the  variety  of  dangers  attoid- 
ing  such  a  situation. 

With  the  help  of  the  drawings  that  accompany  this  account  of  the 
late  eruption  of  Vesuvius,  and  which  1  can  assure  you  to  be  haXlM 
representations  of  what  we  have  seen,  I  flatter  myself  I  shall  have 
enabled  you  to  have  a  clear  idea  of  it ;  and  I  flatter  myadf  also^ 
that  the  communication  of  such  a  variety  of  well  attested  phseno- 
mena  as  have  attended  this  formidable  eruption,  may  not  oolypsore 
acceptablci  but  useful  to  the  curious  in  natural  history, 

tn  a  subsequent  letter  from  Sir  William  Hamilton  to  Sir  Josepk 
Banks,  dated  Castel-a-mare,  anciently  StabiK,  Sept.  %  11^  are 
the  two  followiug  remarks,  to  be  added  to  this  paper. 

1.  Within  a  mile  of  this  place  the  mofete  are  still  very  active^  and 
particularly  under  the  spot  wliere  the  ancient  town  of  Stabic  wai 
situated.  The  24th  of  August,  a  young  lad  by  accident  (ailing  into 
a  well  there  that  was  dry,  but  full  of  the  mephitic  vapour,  was  im* 
mediately  suffocated ;  tliere  were  no  signs  of  any  hurt  from  the  (til, 
as  the  well  was  shallow.  This  circumstance  called  to  my  mind  tbe 
death  of  the  elder  Pliuy,  who  most  probably  lost  liis  life  by  the 
same  sort  of  mephitic  vapours,  on  this  very  spot,  and  whkh  aic 
active  after  great  eruptions  of  Vesuvius. 

2.  Mr.  James,  a  British  merchant,  who  now  lives  in  this  neigh- 
bourhood, assured  me  that  on  Tuesday  night,  the  17th  of  Juof, 
which  was  the  third  day  aAer  the  eruption  of  Mount  Vesuvius^  be 
was  in  a  boat  with  a  sail,  near  Torre  del  Oreco,  when  the  mimits 
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■uiifs,  M  often  mentioned  in  my  letter,  fell  lUick;  and  ttmt  ii 
dark  tliey  emilled  a  pale  liglil  like  phosphorus,  so  tlial  his  Iml,  I 
of  Uie  bcmlmen,  and  the  part  of  the  sails  that  uere  covered  tviib  the 
■ahei,  were  luminous.  Others  liav«  mentioned  to  me  the  having 
acvn  »  plinsphoric  light  on  Vesuvius  after  this  eniplion ;  hut  until  it 
ma  confirmed  lo  ue  by  Mr.  James,  I  did  not  choose  to  say  tuiy 
tUng  about  it. 

IPAil.  TVanr.  I7g5.] 

CHAP.  X. 

ETNA    AND    ITS    SBUPTIOnS. 

Sect.  i. — General  HisCor/i. 

iVKliave  pur|iosely  dwelt  wilhcon«i<lerahle  minuteness  upon  the 
VDtcaiiicph-.eiianienaor  Vesuvius  in  lite  preceding  chapter,  not  oirit 
becanM  they  have  been  mnrc  explicitly  detailed  than  those  of  any 
similar  raountiiin.  hut  that  we  might  bring  the  history  of  this  class 
of  natural  woiiiler^  us  much  as  possible  mto  one  form.  In  Ihe  voV 
caooet  which  we  shall  yet  think  it  our  duty  to  describe,  we  slmll  et>^ 
deavour  lo  confine  ourselves  to  the  peculiar  and  prominent  features 
bj  whkh  every  one  h  distinguished  from  etery  other. 

Elimiathe  most  striking  plixnomeiion  nfthe  island  of  Sicily;  and 
Ihougb  less  frc([uently  delineated  than  Vesuvius,  ii  so  muth  nioru 
kiguitic,  that  the  latter,  if  placed  by  the  side  of  it,  would  seem 
BoUilng  more  than  a  small  ejected  bill,  and  b  in  fjct  not  longer 
,  lltaii  Kveral  of  the  mountains  by  which  it  is  surrounded.  Tlie  whole 
tmxit  0(  the  base  of  Vesuvius  docs  not  exceed  thirty  miles,  while 
jplna  covers  a  space  of  a  hundred  and  eighty  miles,  and  its  tieight 
Jtmve  Ihe  level  of  the  sea  is  computed  at  nbt  less  than  eleVeu  thou- 
tasd  feet ;  and  w  tiile  the  lava  of  the  first  not  uflen  devolves  its  stream 
Ibrdwr  than  to  an  extent  of  seven  miles,  Etna  will  emit  a  liquid 
Bft capable  of  traversing  a  path  of  thirty  miles.  Tb*  craterof  Ve- 
wviiu*  moreover,  has  seldon)  exceeiled  half  a  mile  in  circumference, 
'Wbile  tbal  of  Etna  is  commonly  three,  and  aomfitiiDei  si:t,  miles.— 
*t1»e  best  dewription  of  this  crater,  which  we  have  received  in  our 
iTwnday,  is  that  given  by  Spalnnxani.  According  to  him,  it  forms 
■B  oval  exieniliitg  from  cast  to  we'll,  incloted  by  vast  fragments  of 
'lava  and  scori«>  the  inner  sides  being  of  various  declinations,  id- 
3  O  3 
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crusted  vitli  orange  coloured  concretions  of  muriat  of  ammonia, 
the  sal  ammoniac  of  the  shops.  The  bottom  is  a  plain  nearly  hori- 
sontal,  about  two-thirds  of  a  mile  in  circumference,  with  a  large 
circular  aperture,  giving  vent  to  a  column  of  white  smoke,  below 
which  b  visible  a  liquid  fiery  matter,  like  metal  boiling  in  a  furnace. 
Such  is  the  height  of  Etna,  that  its  eruptions  rarely  attain  its  summit, 
but  more  usually  break  out  at  its  sides.  Near  the  crater  begins  the 
region  of  perpetual  snow  and  ice ;  which  is  followed  by  a  woody  do- 
main, consisting  of  vast  forests  of  oaks  beeches,  fin  and  pines, 
while  the  areola  of  the  crater  is  almost  destitute  of  vegetation.  In 
this  middle  region  appear  also  chesnut  trees  of  enormous  size,  one  of 
whichf  distinguished  by  the  name  of  cento  cavallo  (troop  ot  horses) 
measures  not  less  than  iw^  kmuLred  andfomrJkH  in  circumference. 

Etna  is  perhaps  one  of  the  oldest  volcanoes  in  Europe ;  and  though 
less  minutely  described  by  modern  philosophers  and  travellers  than 
Vesuvius,  obtained  far  more  of  the  attention  of  the  Greek  and  Ro* 
man  writers.  The  fire  which  b  so  |>erpetttally  burning  in  its  bowels 
induced  the  poets  to  place  in  this  tremendous  cavity  the  forges  of  the 
Cyclops,  who  were  placecf  under  the  .government  of  Vulcan,  and 
the  prison  of  the  giants  who  rebelled  against  Jupiter.  These  fictions 
progressively  grew  into  popular  truths  among  the  vulgar,  who  re- 
garded Etna,  in  consequeuce,  as  the  residence  of  Vulcan,  aud  the 
seat  of  his  empire.  And  hence  they  erected  a  temple  to  him  on  the 
mountain,  in  which,  according  to^lian,  a  perpetual  fire  was  main- 
tained, in  the  same  manner  as  in  the  temple  of  Vesta,  this  element 
being  an  appropriate  Vulcanic  symbol. 

Homer  makes  mention  of  Mount  Etna,  but  at  the  same  time 
takes  no  notice  of  its  eruptive  power ;  and  hence  there  is  a  strong 
presumptive  proof  that  its  volcanic  properties  were  unknown  at  that 
tera.  Thucydides  is  the  earliest  historic  writer  that  alludes  to  these 
phaenomena.  He  enumerates  three  eruptions  of  the  mountain  to* 
wards  the  conclusion  of  his  third  book,  one  of  which  he  fixes  at  four 
hundred  and  seventy-four  years  before  the  birth  of  our  Saviour,  a  se- 
cond fif^y  years  later,  while  to  the  third  he  assigns  no  date  what- 
ever. Pindar  composed  an  ode  in  the  76th  Olympiad,  about  four 
or  five  years  after  the  second  eruption,  and  adverted  to  by  Thucy- 
dides,  in  which  he  describes  its  violence,  and  retains  the  popuhu* 
Able  just  alluded  to,  that  Jupiter  had  buried  the  giants  in  its  bowels, 
and  that  thcur  struggle  to  get  loose  was  the  cause  of  the  fiery  com- 
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motion*.  Lucretius  has  referred  to  the  volcanic  powers  of  Etna  in 
various  places.  In  bis  sixtii  book  lie  endeavours  more  philosopbi- 
caljv  to  account  for  them  ;  and  his  first  describes  the  island  of  Sicily 
io  picturesquely^  and  at  the  same  time  pays  so  elegant  a  compliment 
to  Empedocles,  who  was  a  native  of  it,  that  we  cannot  forbear 
quoting  the  passage,  which  is  as  follows,  v.  717. 

Qnonim  AgragantiDUf  com  primis  Empedocles  est : 
Insula  queiii  triquetris  terrerum  {^essit  in  oris  { 
Qaam  flnitanscircum  magnis  amfractibus  equor, 
loDium  (rlancis  adspargit  wlrua  ab  undis, 
iEolie  (erramm  oras  a  finibos  ejus. 
Heic  eiit  vasta  Chary bd is,  et  beic  ^toea  mioanler 
Marmora,  flammarom  rorsom  se  contigere  iras, 
Faucibus  eruptos  iterum  at  yiseyomat  i^eis. 
Ad  calamqoe  ferat  flammai  fulgora  rorsam. 
Qom  qoom  mai^na  modis  mollis  miranda  yidetnr 
GeDtil>os  hooiaois  rcgio,  Tisondaque  ferlor. 
Rebut  opima  bonis,  multA  munita  virOm  vi ; 
Nihil  tamen  hoc  habuisse  viro  prmclarios  in  se, 
Nee  sanctum  magis,  et  minim,  canunqoe,  videtur. 
Carmina  quin  etiam  divini  pectoris  ejus 
Vocifrrantur,  et  exponunt  praeclara  reperta  ; 
Vt  viz  bomanft  videator  stirpe  creatos. 

Thos  songEMPtoocLts,  in  honest  forae. 
First  of  his  sect ;  whom  AaaiosNTiUM  bore 
In  cloud-capt  Sicily.    The  sinaoos  shores, 
Th*  loNiAif  main,  with  hoarse  unwearied  wave 
Sorrouods,  and  sprinkles,  with  its  briny  dew; 
And  from  the  fair  jEouan  fields  divides 
With  narrow  frith  that  spurns  the  impetuooi  surge. 
Here  vast  Chartbdis  raves;  here  iEtna  rears 
His  infant  thunders,  his  dread  jaws  unlocks, 
And  heaven  and  earth  with  fiery  ruin  threats; 
Here  many  a  wonder,  many  a  scene  sublime. 
As  on  he  journeys,  checks  the  traveller's  steps ; 
And  shews,  at  once,  a  land  in  harvests  rich. 
And  rich  in  sages  of  illustrious  fame. 
But  nought  so  wondrous,  so  illustrious  nought. 
So  fair,  so  pure,  so  lovely  can  it  boast, 
Smpbdoclbs,  as  thou !  whose  song  divine, 
By  all  rehears*d,  so  clean  each  mystic  lore. 
That  scarce  mankind  believ*d  thee  bol'n  of  raaa.  Good. 

•  Pytb.  Od.  I. 
2  D  3 


^06  BBVPTIONS    OP   ETKA. 

No  country,  indeed,  has  a  juster  right  to  boast  of  the  men  of 
learning  it  has  produced  than  ancient  Sicily.  In  proof  of  which  it 
may  be  sufficient  to  add  to  the  name  of  Empedocles,  those  of  JE&m 
chylus,  Diodorus  Siculus,  Gorgias^  Euclid,  Archimedes,  Epichar* 
^us,  Theocritus.-^&fi/or. 

SECTION    II. 

Chronological  Account  oftht^  several  Fins  of  MounJt  Etna, 

To  pass  by  what  is  related  by  Berosus,  OrpheuSi^  and  other  less 
<:redible  authors,  about  the  eruptions  of  thb  mountain,  both  at  the 
time  of  the  ingress  of  the  Ionian  colonies  into  Sicily,  and  that  of  the 
Argonauts  (which  latter  was  in  the  twelfth  age  before  the  Christian 
account ;)  we  shall  first  take  notice  of  that  which  happened  at  the 
time  of  the  expedition  of  ^neas,^  who  being  terrified  by  the  fire  of 
^his  then  bi^n>ing  mountain,  left  that  bland  ;  whereof  Virgil,  L  Sj^ 
^ueid,  gives  this  notable  description— £ueid  iii. 

Ignariqne  viae,  Cyclojium  alla^jmur  oris. 
Portiu  ab  nccessa  v«D(or^  iipniotg&  c(.  in|;ei)i^. 
Ipse  sed  horrilkis juxta  ton^ t  ^toa  ruinis, 
iDterdiimqiic  etiam  pronimpit  ad  vthera  ou^eoi 
Turbine  furoanteni  piccoet  candente  favill^. 
Attollitqne  glolMw  flammanuo,  et  sidera  lambit. 
Interdum  scopulos,  avblsaqoe  viscera  montis 
£ri|pt  eroctans,  liquefactaqae  saxa  ^ob  auras 
^um  gemitu  glomenit,  fundoque  cjnrstuat  imo. 


The  wind  now  sinking  with  the  tamp  of  day, 

S|>ent  with  her  toils,  and  dubious  of  (lie  way  ; 

We  reach  the  dire  Cyclopean  shore,  that  fonos 

An  ample  port,  impervious  to  the  storms. 

Ijiut  Etna  roars 'H'ith  dreadful  ruins  nigh, 

Now  hurls  a  cloud  of  bursting  cinders  high, 

Involved  in  smoky  whirlwinds  to  the  sky  i 

With  loud  displosion,  to  the  s'arry  fnunp 

Shoots  fiery  globes,  and  furious  floods  of  flame  f 

Now  from  her  bellowing  caverns  burst  away 

Yast  piles  of  melted  rocks  in  open  day  ; 

HersbattepM  entrails  wide  the  roounUin  throws. 

And  deep  as  hell  her  burning  center  glows.  Pitt. 

After  thb  we  fitjd  in  Thucydides,  that  in  the  76lh  olympnid. 
^"^ 

•  As  we  have  no  other  authority  for  the  emption  here  referred  to  than 
that  of  the  £oeid,  there  can  be  little  doubt  that  the  poet  ioTcoted  it  to  suit 
\fh  parpose.~M'iar« 
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wbiclt  iiubout  476  yean  hefote  Clirisi,  lliere  was  auotker  (ire,  ^nd 
Mboal  iiflj  years  after,  anollier. 

Then,  iit  the  time  of  (lie  Boman  consuls,  lliere  bappfneiJ  four 
eruptions  of  Etna,  recorded  by  Dimlorus  SiculuK  and  Polybiiis. 

The  next  was  la  the  time  of  Julius  CKsar,  related  by  the  said 
Diodoriis  to  have  been  so  fierce,  that  Ilie  sea  about  Lipara  (an  island 
near  Sicily)  by  its  lerveul  lieat  burnt  the  abips,  and  killed  all  lislies 
ibereaboul. 

Aiiotherwereadofin  the  reign  of  Caligula,  about  forty  years  Bfler 
Christ,  which  was  so  dreadftil,  that  it  made  that  Emperor,  who 
«ra>  (hen  in  Sicily,  lo  rty  fDr  il. 

About  the  martyrdom  of  llic  Romish  St.  Agaiha,  it  bunted  again 
seiy  fiercely  ;  Ihougb,  some  say,  ihat  by  virtue  of  lier  intercession, 
it  was  slaved  from  reaching  C.itania. 

Again  il  burned  A.  C.  S13,  in  the  rrigii  of  Charles  M. 
Then  from  the  year  11 60  to  l66i),  all  Sicily  was  shaken  with 
tuany  terrible  earlhijuakes,  and  the  eruptions  of  the  same  niountaia 
destroyed  a  vast  tract  of  inliabited  land  round  about  il,  and  reached 
H  (sr  as  Catania  ;  the  callicdral  nf  which  it  destroyed,  and  the  r^ 
ligious  men  residing  in  it. 

Again  in  llie  year  1264,  there  happened  aoolher  terrible  fire  about 
the  lime  of  ihe  death  of  Charles,  king  of  Sicily  and  Arragon. 
A.  \329  until  1333  there  was  another.    A.  140  another. 
A.  1414  another,  which  lasted  till  144?. 
A.  1536  another,  which  lasted  a  year. 
A.  1633  another,  contbuing  several  years, 
A.  16^  il  bunil  oh  the  uorlh-cast  side,  aud  vomited  so  inuc|i 
fire,  that  by  the  fiery  torrenla,  caused  thereby,  great  devastatioa 
was  made,  us  Kirclier  relates  in  his  Mutidus  Subletraneus :    whose 
assistance  we  have  also  made  use  of  in  the  foregoing  chronologj,    , 
.  together  with  that  of  Philotbeus. 

The  same  author,  having  been  in  Sicily  himself,  observed,  thai 
,  die  people  of  Calanin,  digging  for  pumice  sitones,  do  find  at  thp 
depth  of  one  hundred  palms  (wliich  \>  about  sixty-eight  feet)  street! 
paved  with  marble,  and  many  footsteps  of  antiquity;  an  argument,  , 
thai  (owns  have  ilnod  tliere  in  fortner  ages,  which  may  have  beea 
.  f>verwhelmed  by  the  matter  cast  out  of  this  mountain.  They  have 
tko  fonnd  several  bridges  of  pumice  stones,  doubtless  made  by  tlia 
.,fluK  of  the  fiery  torrents,  the  earth  being  very  much  raised  since. 

Now  whether  these  eruptions  are  caused  by  actual  suhlenaneoui 
I  $re>,  lighting  upon  combustible  matter ;  or  by  lire  itruck  out  «f 
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falling  and  breaking  stones*  whose  sparks  meet  with  nitro-sulpbu* 
f  eous  or  other  inflammable  subtanccs  heaped  together  in  the  boweli 
of  the  earth*  and  by  the  expansive  violence  of  the  fire  forced  to 
take  more  room,  and  so  bursting  out  with  the  impetuosity  we  see; 
may  not  be  unworthy  of  a  philosopher's  speculation. 

[Phii.  Trans.  166%.] 

SECTION    III. 

Eruption  of  Etna  in  1669;  os  communicated  by  several  inqm* 
sitive  English  merchants  at  that  time  resident  in  Sicily, 

TouCHiNO  the  foreri^nners  of  ^js  fire*  there  was*  for  the  space  of 
eighteen  days*  bcfofe  it  broke  out*  a  very  thick  dark  sky  in  those 
parts*  with  thunder  and  lightning*  and  frequent  concussions  of  the 
earth,  which  the  people  make  terrible  reports  of,  though  I  never 
saw  nor  heard  of  an^  buildii^  cast  down  thereby*  save  a  small 
town  or  village*  called  Nicolosi ;  about  half  a  mile  dbtant  from  the 
New  Mouth*  and  some  such  other  slight  buildings  ^raoog  those 
towns,  that  were  after  oyer  run  by  the  fire.  Besides*  it  was  ob* 
served  that  th^  old  top  or  mouth  of  Etna  did,  for  twp  or  three 
months  before*  rage  mpre  than  usual ;  the  like  of  which  did  VoIcsb 
and  Stromboli*  |wo  bumipg  mountains  to  the  westward;  And  the 
top  of  Etna  must  about  the  same  time  have  sunk  down  into  its  old 
vorago  or  hole,  in  that  'tis  agreed  by  all*  that  had  seen  this  mouii* 
tain  before,  that  it  was  very  mpch  lowered.  Other  fore-ronners  of 
this  fire  I  have  not  heard  nor  met  with.  * 

It  first  broke  out  on  the  eleventh  of  March*  l66g,  about  two 
hours  before  night*  and  that  on  the  south-east  side  or  skirt  of  the 
mountain,  about  twenty  miles  beneath  the  Old  Mouth  ;  and  ten  miles 
fVom  Catania.  At  first  it  v^'as  reported  to  advance  thive  miles  io 
twenty-four  hours  ;  but  at  our  being  there  (viz.  April  5,)  when  we 
were  come  within  a  hhort  mile  of  Catania*  it  scarce  moved  after  the 
rate  of  a  furlong  a  day ;  and  after  this  degree  of  progress  it  continued 
for  fifteen  or  twenty  days  after,  passing  under  the  walls  of  Catania 
a  good  way  into  the  sea  5  but  about  the  latter  end  of  this  montb. 
and  the  begiiming  of  May  (whether  it  was  that  the  sea  could  not 
receive  this  matter  fast  enough,  or  rather  that  the  month  above  did 
cast  forth  a  larger  quantity)  it  bent  all  its  force  against  the  dty; 
and  having  wrought  itself  up  even  with  the  walls  thereof,  over  it 
passed  in  divers  places  ;  but  its  chief  fury  fell  upon  a  terv  statdv 
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I     conveut,  whtcli  was  I  hut  oflhe  Beiieilk  lines,  liaving  large  garden 
'    snd  other  grouiiii  betwint  litem  aud  tlio  wall  :  which  when  it  bad 
r    fitli'd  up,  it  fFll  nilh  all  ill  force  oti  the  cimvent,  where  it  met  wilb 
'      ilrong  rrsislancv,  which  madeitguell   (as  usually  it  ditl  where  it 
I.    net  with  any  uhslructioo)  nhiiost  as  hi^'h,  us  the  higher  sbopg  ta 
F    Itje  olil  Loiuinn  cxchunee,  ihis  coaviut    being  buill  much  after 
f    ttwt  fibhioii,  lli<iu£ti  coiiiiderubl}  bigger.     Some  ]>tirt«  of  this  wall 
V     tierc  driveif  in,  whole  nml  rnlire,  aIuio!<t  a  fool,  a,i  ap|>eared  b;  Ibe 
b    rising  ot  ihe  tiles  in  llie  midst  ot  llie  floor,  and  bending  of  the  irtfiu 
I     ban  lliat  went  cross  above      And 'lisi  cerliiin,  liaitlhislorrciit  fallen 
in  M>ine  oilier  part  oflhe  Iohm,  it  would  liave  made  great  havoc 
^niongst  ihcirnrdinarj  bitildiiigs,  but  here  ilsfury  ceased  ihe fourth 
ofMav,  running  hence  forward  in  little  cliaimeU  or  streams,  and 
tliat   cltiefl;  into  the  sea.      It   had    overwlielmed  in    the  upland 
counlry  some  fonrleen  towns  and  villages,   whereof  aoine  were  of 
^o<k1  uoI«,  containing  three  or  tour  thousand  inhabitunis,  and  stood 
ill  a  very  fruiituland  pleasant  country,  u  here  the  fire  hail  never  made 
any  devastation  before  -,  liul  now  there  is  not  so  uiitch  as  any  sign 
wiwre  such  lowns  have  stood  }  only  the  church  and  steeple  of  one 
of  tliem  ;  which  stood  ulone  upon  u  high  gTi>un<l,  due*  still  appear. 
Alio  the  matter  which  timi  ran,  it  was  nothing  else  but  divers 
kinds  of  metals  and  mineral;,  rendered  liquid   by  the  fierceness  of 
ihe  fire  in  tJie  bowels  of  the  earl li,  liuiliug  up  aud  gushiug  forth, 
like  the  water  duthat  the  head  of  some  great  river;   and  having  run 
in  a  full  body  for  a  good  stone's  cast  or  more,  the  extremities  there- 
of began  to  crust  and  curdle,  becoming,  when  cold,  those  hard 
poroua  stones,  which  llie  people  call  Sciarri.  having  the  Dearest  re- 
.«emblance  to  huge  cakes  of  sea-coal,  full  of  a  fierce  fire.     These 
came  tolling  and  runibUng  over  one  another,  and  where  Ihey  met 
Mitli  a  bank,  wonl.l  till  up  and  swell  over,  by  their  weight  bi-ating 
down  any  common  buiUling.  aud  burning  up  what  was  combustible. 
The  chief  motion  ot  titis  mailer  was  for«aril,  but  it  was  also  dilating 
itself,  as  a  flood  of  wnlcr  would  do  on  even  ground,  thrusting  out 
leverol  arms,  ur  tongues,  as  Ihey  call  them. 

About  two  or  three  of  ihe  clock  in  the  niglil,  we  mounted  an 
l)igfa  tower  in  CdUma.  whence  we  had  a  full  view  of  the  mouth ; 
which  was  a  very  terrible  sight,  vis,  lo  ate  so  great  a  mass  or  body 
of  mere  fire.    Next  moniing  w«  would  have  gone  up  to  the  mouth 
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itself,  but  durst  not  come  nearer  than  a  furlong  off,  for  fear  of 
being  overwhelmed  by  a  sudden  turn  of  the  wind,  which  carried  up 
into  the  air  some  of  that  vast  pillar  of  ashes,  which  to  oar  appre« 
hensioii  exceeded  twice  the  bigness  of  Pftul  s  steeple  in  London,  and 
went  up  in  a  straight  body  to  a  far  greater  height  that  that ;  the  whole 
air  being  thereabout  all  covered  with  the  lightest  of  those  ashes 
blown  off  from  the  top  of  this  pillar :  And  from  the  first  breaking 
forth  of  the  fire  until  its  fiiry  ceased  (being  fifty-fi>ur  days)  neither 
sun  nor  star  were  seen  in  all  that  part. 

From  the  outiide  of  this  pillar  fell  off  great  quantity  of  stones, 
but  none  very  big,  neither  could  we  discern  any  fire  in  them,  nor 
come  to  see,  where  that  fiery  stuff  broke  out,  there  being  a  great 
bank  or  hill  of  ashes  betwi&t  it  and  us. 

At  the  mouth  whence  issued  the  fire,  or  ashes,  or  both,  was  a 
continual  noise,  like  the  beating  of  great  waves  of  the  sea  against 
rocks,  or  like  thunder  afiir  off,  which  sometimes  I  have  heard  here 
in  Messina,  though  situated  at  the  foot  of  high  hills,  and  sixty 
off.  It  hath  also  been  heard  one  hundred  miles  northward  of 
place,  in  Calabria,  (as  I  have  been  credibly  mformed)  whither  the 
ashes  have  also  been  carried :  and  some  of  our  seamen  have  also  re« 
ported,  that  their  decks  were  covered  therewith  at  Zante,  though  its 
likely  not  very  thick. 

Of  those  burnt  stones  or  sciarri,  1  have  some  by  me  of  divert 
qualities,  and  shall  procure  what  more  I  can,  to  be  sent  by  the  fint 
passage. 

About  the  middle  of  May  we  made  another  journey  thither^ 
where  we  found  the  face  of  things  much  altered,  the  city  of  Catania 
being  three  quarters  of  it  compassed  round  with  these  sciarri,  a% 
high  as  the  top  of  the  walls ;  and  in  many  places  it  had  broke  over, 
Tlie  first  night  of  our  arrival  a  new  stream  or  gutter  of  fire  broke 
forth  among  some  sciarri,  which  we  were  walking  upon  an  hour  or 
two  before,  and  they  were  as  high  as  to  be  even  with  the  top  of  the 
wall.  It  poured  itself  down  into  the  city  in  a  small  gutter  of  abov^ 
three  foot  broad,  and  nine  foot  long  of  mere  fire,  the  extremities 
still  fiiUing  off  into  those  sciarri ;  but  thb  stream  was  exthict  by  the 
next  iporningi  though  it  had  filled  up  a  great  void  place  with  its 
sciarri.  The  next  night  was  another  much  bigger  channel  discoi 
vered,  pouring  itself  over  another  part  of  the  wall  into  the  castk^ 
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dirdi,  wliicli  contJiiued  (ai  \kc  were  iiifnrmecl)  ^ome  days  nfler  oiir 
tlcpnilure.  Divers  of  ihew  small  rivulels  did  run  at  llir  sume  lime 
into  liie  sea,  and  it  does  so  slill  at  litis  very  day,  iliougli  fuintty. 

It  W31  nhser^ed,  tliat  those  streams  of  fire  never  grew  broacter 
aor  visibly  longer,  nor  moved  nul  of  tlie  place  they  were  seen  in  ; 
which  put  us  a  lillle  more  to  examine  their  working,  and  ue  did 
ronclude,  ihal  imt  nnly  then,  but  in  tite  fury  al^  of  its  running,  it 
uiade  ilwlf  rrnain  crusted  e^K^rs  to  nm  in,  to  keep  itself,  ai  it 
Here  fnira  the  air,  which  by  degrees  did  cool  and  ti\  It,  -as  morv 
plainly  appeared  above  at  llie  mouth,  vhere,  the  tirst  time  of  our 
going  (hhtier,  we  found  the  H-iarri  generally  thus  cooled  aud  6\ed. 
And  hence  also  it  might  proceed,  that  these  live  scrarri,  lueeling 
Willi  any  bank  or  high  ground,  would  puff  and  sMell  up,  till  lliey 
bad  overcome  it :  so  that  in  many  places,  especinlly  under  the  walls 
of  Cmtania,  were  vallies  of  those  sciarri,  and  the  fire  never  broke 
forth,  or  discovered  itself  in  those  streams,  until  jt  had  (^inod  it& 
Iwighl  :  for  those  rivulets  ever  went  declining. 

Having  spent  a  couple  of  days  about  Catania,  we  again  went  up 
lo  the  mouth,  where  now  without  any  dan}>er  of  fire  or  ashes  we 
Vould  take  a  free  view  both  of  the  old  and  new  channel  of  (he  fire, 
'lind  of  that  great  mounluin  ofashcs  cast  up.  Tliat,  which  we  guessed 
'^  be  the  old  bed  or  channel,  was  a  three-eotnered  plot  of  abont 
'two  acres,  with  a  crust  of  sciarri  at  the  bollom,  and  upon  that  a 
illliaU  crust  or  surface  of  brimstone.  1 1  was  hedged  in  on  each  side 
*^lh  a  great  bank  or  hiH  of  ashes  and  behind  and  a|  the  upper  end 
f'^aut  up  that  huge  mountain  ofihe  same  matter.  Between  those  two 
I^Uiks  the  fire  seems  to  have  had  its  passage.  At  the  upper  end  in 
Ibe  nook  upon  a  little  hillock  of  crusted  sciairiwasan  hole  about  ten 
i^leet  wide,  whence  'lis  probable  the  fire  issued  ;  and  it  might  have 
%m6  wveral  other  such  boles,  since  either  crusted  over  or  covered 
fWSth  ashes.  At  the  bottom  of  this  hole  the  fire  was  seen  lo  flow 
jWong,  and  below  it  was  a  channel  of  fire,  beneath  that  surface  of 
facnrri,  which  being  clef)  atop  for  some  space,  we  had  an  easy  and 
'kbnreable  view  of  the  metal  flowing  along,  whose  superficies  might 
%ea  yard  broad,  (hough  possibly  it  carried  a  greater  breadth  uiider- 
Snth,  the  gutter  going  sloping.  What  depth  it  bud,  we  could  not 
fgiKSs :  it  was  impenetrable  by  iron  hookt,  and  other  ioslnimeoli 
"Ve  had.  We  were  very  desirous  lo  have  got  some  of  thii  mailer  at 
Ibe  vpting  bead,   but  we  could  penetrate  no  more  into  it,  tbao 
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with  one's  finger  into  the  palm  of  the  hand.  Tb  likeljf  that  some 
ninnbg  may  have  been  more  )'iekiii]g  than  we  found  this.  From 
this  channel,  but  especialljf  from  that  hole  above  it,  issued  great 
store  of  a  strong  sulphureous  smoke,  wherewith  some  of  our  com- 
panions were  at  first  almost  stified  through  madvertency.  Aboot 
once  in  a  quarter  of  an  hour  there  would  rise  a  pillar  of  sraoke  or 
ashes,  but  nothing  comparable  to  the  former;  which  seined  to 
come  from  the  middle  top  of  that  new-made  moontain*  I  confen, 
it  was  an  omission  in  us,  not  to  go  up  to  this  mountain,  being  so 
near ;  but  because  it  was  troublesome,  and  not  without  danger,  the 
rest  of  the  company  being  satisfied  with  what  they  had  ahready  seen, 
would  not  stay  to  see  any  more. 

At  this  our  last  being  in  Catania  we  found  the  people  busy  ib 
barricading  the  ends  of  some  streets  and  passages,  where  thej 
thought  the  fire  might  break  in ;  and  this  they  did  by  pulling  dtwo 
the  old  houses  thereabout,  and  laying  up  the  loose  stoues  in  unBocr 
of  a  wall,  which  I  hey  said  would  resi;it  the  fire  as  not  being  miscd 
with  lime  ;  though  it  was  the  great  weight  and  force  of  that  fioy 
matter  in  pressing  forward,  and  not  its  bunuog,  that  oTerthrew  the 
buildmgs,  as  plainly  appeared  in  the  convent  of  the  Benedictine^ 
and  in  the  town-walls,  where  the  great  deluge  of  fire  did  poor  it* 
self ;  it  not  breaking  into  the  city,  but  pouring  itself  over  the  wall^ 
as  hath  been  said. 

Unto  this  very  time  'tis  said  to  have  run  a  mile  mto  the  aea,  and 
as  much  in  front,  though  it  was  much  less  when  we  were  theit. 
The  shore  goes  gently  declining,  having  at  the  extremity  of  the 
sciarri  about  five  fathoms,  aud  about  half  as  much  they  are  abote 
water. 

The  superficies  of  the  water  for  twenty  foot  or  more  of  those  ri- 
vulets of  fire,  was  hotter  than  to  endure  one's  hand  in  it,  though 
deeper  it  was  more  temperate,  and  those  live  sciarri  still  retained 
their  fire  under  water,  as  we  saw  when  the  surges  uf  tbe  sea  re- 
treated back  in  their  ordinary  reverberations. 

The  general  face  of  these  sciarri  b  in  some  respect  not  much  on* 
like,  from  the  beginning  to  the  end,  to  the  river  of  Thames  in  a  great 
frost,  at  the  top  of  the  ice  above  bridge,  I  mean,  lying  afler  sock  a 
rugged  manner  in  great  flakes  :  but  its  colour  is  quite  different,  being 
most  of  a  dark  dusky  blue,  and  some  stones  or  rocks  of  a  vast  big- 
ness^  dose  and  solid. 
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But  notnithstanHin^  their  rug-^dnesi, 
could  ice  glowing  in  tlic  clel^s  and  c 
lo  ramble  over  n  good  part  of  tliem 
|i«op]r  would  do  the  same  in  lis  grei 
For  us  ihoM  live  sciarri,  and  those  rive 


md  store  of  fire  which  we 
ivilies,  we  made  a  shift 
as  it  ii  said  also  that 
eat  violence  of  burning, 
9  of  fire  ihemsehes  were 


rRo  tough  ) 
jif  the  scti 


npenelruble  as  to  bear  aitj'  wciglil,  so  the  superlicies 

ighl  be  touched  and  handled,  ibe  fire  being  inwnrd, 

not  to  be  discerued  but  near  baad,  especially  jii  tiie  day  lime: 

it  WB»  aomewliat  a  strange  sight  to  see  so  great  a  river  come  so 

lely  forward  ;  for,  as  it  approached  unto  sny  htiusc,  lliey  not 

ly  at  good  leisure  removed  their  goods,  but  the  very  tiles  and 

hat  else  was  moveable. 
Tb  observable  that  noue  of  those  that  went  to  see  it,  wbeo 
:re  was  little  else  to  be  seen  but  the  cold  sciarri,  but  declared 
have  found  it  a  much  other  ihiug  than  they  imagined,  though 
ited  to  them  viva  vott  by  those  who  had  formerly  been  there. 
I  shall  add,   that  the  whole  country  from  the  very  walls  of 
to  twenty  miles  on  ibis  s\At  is  full  of  old  tciarri,  which 
eruptions  have  cast  forth,  though  the  people  remember   * 
fo  big  as  this  last,  or  that  burst  out  so  low.     This  country 
■  Dotwilhstanding  well  cultivated  and  inhabited  ;  for  length  of  lime 
hltb  either  mollified  much  of  those  old  sciarri,  or  new  monid  or  ashes' 
kve  overgrown  them,  though  there  still  remains  much  country 
Aiiich  it  may  be  will  never  be  made  serviceable. 
*    What  is  the  perpendicular  height  of  this  mountain  I  cannot 
benm.     It  cannot  perhaps  be  rightly  Iiiken,  being  so  subject  to  alter 
lli  height  and  shape.     But  it  is  a  very  goodly  mountain  to  look 
l^ti,  as  one  passes  by  sea  to  the  eastward,  xlanding  alone  by  itself, 
Hring  from  the  very  shore ;  and   at   shortest  passage  is  reckoned 
itecnty  miles  up  to  the  top,  though  from  Catania  it  hath  thirty  miles 
fa  before.  [Phil.  Trans.  1669,] 

*■  SECTION  IV. 

Changes,  present  State,  and  picturesque  Sceneri/  of  Etna- 

Thbcb  hours  before  day,  I,  with  my  companions,  left  the  Grolta 

lie  Capre,  which  had  nffoidcd  us  a  welcome  asylum,  tiiougb  our 

.  not  of  the  softest,  as  il  consisted  only  of  a  few  oak  leaves 

over  the  floor  of  lav^.     I  continued  my  journey  towards 
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the  summit  of  Etna ;  and  the  clearness  of  the  sky  induced  me  id 
hope  that  it  would  continue  the  same  during  the  approacliiog  day^ 
that  1  might  enjoy  the  extensive  and  sublime  prospect  from  tlie  top 
of  this  lofty  mountain,  which  b  usually  involved  in  clouds.  I  soon 
left  the  middle  region,  and  entered  the  upper  one,  which  b  entirelj 
destitute  of  vegetation,  except  a  few  bushes  very  thinly  scattered. 
The  light  of  several  torches  which  were  carried  before  us  enabled 
me  to  observe  the  nature  of  the  ground  over  which  we  passed,  and 
to  ascertain,  from  such  experiments  as  I  was  able  to  make*  that  our 
road  lay  over  lavas  either  perfectly  the  same  with,  or  analogous  to, 
those  in  which  the  Grotta  delle  Capre  b  hollowed. 

We  had  arrived  at  within  about  four  miles  of  the  borders  of  tbc 
great  crater,  when  the  dawn  of  day  began  to  disperse  the  darkneis 
of  night.  Faint  gleams  of  a  wliitbh  light  were  succeeded  by  tiie 
ruddy  hues  of  Aurora ;  and  soon  aAer  the  sun  rose  above  the  hori- 
zon, turbid  at  first  and  dimmed  by  misls^  but  hb  rays  insensibly 
became  more  clear  and  resplendent*  These  gradations  of  the 
rbing  day  are  no  where  to  be  viewed  with  such  precision  and  deligbt, 
as  from  the  lofty  height  we  had  reached^  which  was  not  fiur  from  the 
most  elevated  pomt  of  Etna.  Here,  likewise^  I  began  to  petedfe 
the  effects  of  the  eruption  of  Etna  which  took  place  in  July  l/S/y 
and  which  has  been  so  accurately  described  by  the  Chevalier 
Gioeni*.  These  were  visible  in  a  coating  of  black  scoriae^  at  fint 
thin,  but  which  became  gradually  thicker  as  I  approached  the  som- 
mit  of  the  mountain,  till  it  composed  a  stratum  of  several  palms  iu 
thickness.  Over  these  scoriae  I  was  obliged  to  proceed,  not  witboat 
considerable  difficulty  and  fatigue,  as  my  leg  at  every  step  sank  deep 
into  it.  The  figure  of  these  scoriae,  the  smallest  of  which  are  about 
a  line  or  somewhat  less  in  diameter,  b  very  irregular.  Externally 
they  have  the  appearance  of  scoriae  of  iron ;  and,  when  broken,  tre 
found  full  of  small  cavities,  which  are  almost  all  spherical,  or  nearly 
of  that  figure.  They  are,  therefore,  light  and  friable ;  two  qualities 
which  are  almost  always  inseparable  from  scoriae.  Thb  great  nam* 
ber  of  cavities  is  an  evident  proof  of  the  quantity  and  vigorous  actioo 
of  the  elastic  fluids,  which  in  thb  eruption,  imprisoned  in  the  liquid 


*  Hit  accoant  of  this  emption  was  printed  at  Catania  in  1787.  Thele 
it  likcwlte  a  French  traaslatlon  at  the  end  of  the  CaUUogut  RaUvime  ^ 
M*  DolonicH. 
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kialter  wilhiu  the  crater,  dilated  it  on  every  side,  seeking  to  extri- 
cate themselves :  and  forced  it,  in  scoriaceoiis  paiticles,  (o  various 
heights  and  distance!,  according  to  the  respective  weiglits  of  lliuse 
patlicles.  The  niosi  alteiiltve  eye  cannot  discover  in  Iheni  the 
snialkst  shoetl ;  either  because  these  stoaes  Iiave  been  perfectly 
fused,  and  with  the  lava  passed  into  one  bomogeneoui  consistence ; 
or  because  tliey  never  existed  in  it.  Some  linear  fellspars  are  how- 
ever found,  which  by  their  splendour,  scnii-traospureucy,  and  soli- 
dity, shew  that  they  have  suffered  no  injury  from  the  fire.  When 
Ibese  Moriie  are  pulverized,  they  become  extremely  black  ;  but 
retain  the  dryness  and  scabrous  contexture  which  they  had  when 
entire.  They  abound  la  iron,  aud  in  consequeuce  the  dust  pro'tuced 
by  pulverizing  them  copiously  adheres  to  the  point  of  a  magnetized 
knife  ;  aud  a  smalt  piece  of  these  scoriae  will  put  the  niaguetic  needle 
in  motion  at  the  distance  of  two  lines. 

In  the  midst  of  this  immense  quaatily  of  scoriie,  I,  in  several 
places,  met  with  some  substances  of  a  spherical  figure,  which,  like 
ihe  lava,  were  at  first  small,  but  increased  in  size  as  I  approached 
Uie  sumu)it  of  the  mountain.  These  were  originally  particles  of 
lava  ejected  from  the  crater  in  the  eruption  before  mentioned,  which 
■spumed  a  spherical  figure  when  they  were  congealed  by  the  coltt 
Oess  of  the  air.  On  examining  the 
qualities  perfectly  to  resemble  the  scoi 
magnetism. 

Only  two  miles  and  a  half  remained  of  our  journey,  when  Ihe 
great  laboratory  of  nature,  inclosed  within  the  abysses  ofEtna,  began 
iti  astonishing  operations.  Two  white  columns  of  smoke  arose  from 
its  summit ;  one,  which  was  the  smallest,  towards  the  norlh-ea«t 
side  of  the  mountain  :  and  the  other,  towards  the  north-west,  A 
light  wind  blowing  from  the  east,  they  both  made  a  curve  toward* 
the  west,  gmdually  dilating,  until  they  disappeared  in  the  wide  ei- 
panic  of  air.  Several  streams  of  smoke,  which  arose  lower  down, 
towards  the  west,  followed  the  two  columns.  These  appearaacai 
could  uot  but  tend  to  inspire  me  with  new  urdour  to  prosecute  my 
journey,  that  I  might  discover  and  admire  the  secrets  of  this  itii* 
pendous  volcano.  The  suu,  likewise,  shining  in  all  his  splendouri 
•cemed  to  promise  that  this  day  should  crown  my  wishes.  But  e^ 
periencc  taught  me  that  two  miles  and  a  half  1  had  yet  to  go  pre- 
Mated  KMUjr  more  obstacles  tbau  1  could  have  imagined,  aud  ttuf 


4I3  ^^ 
extri-  *| 


1    found    them   in  their 
,  and  to  possess  the  sunie 
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toothing  but  tlie  resolution  I  had  formed  to  complete  my  design  at 
every  hazard  could  have  enabled  me  to  surmount  them. 

Having  proceetle  !  alK>ut  a  hundred  paces  Ibrther,  I  met  with  a 
torrent  of  lava,  which  1  was  ol>liged  to  cross,  to  arrive  at  the  smoking 
summit.  My  guides  informed  rac  that  this  lava  had  issued  from  the 
mountain  in  October  1787  5  and  as  the  account  of  the  Chevalier 
Gioeni,  which  I  have  above  cited,  ouW  mentioos  the  eruptioo 
of  the  month  of  July  of  the  same  yea^  I  shall  here  give  a 
brief  description  of  it ;  as  it  does  not  seem  hitherto  to  have  been 
described* 

This  very  recent  lava  extends  three  miles  in  length ;  its  breadth  is 
variouSy  in  some  places  being  about  a  quarter  of  a  iriile,  in  othcni 
one-third,  and  in  others  still  more.  Its  height,  or  father  depth,  ■ 
different  in  different  parts ;  the  greatest  being,  as  fiif  as  t  was  able 
to  observe,  about  eighteen  feet,  and  the  least  six;  Its  course  ■ 
down  the  west  side  of  the  mountain ;  and,  like  the  other  lava  whidi 
flowed  in  the  July  of  1787>  it  issued  immediately  from  tfie  great 
crater  of  Etua.  The  whole  number  of  the  eruptions  of  this  rnooB* 
tain  of  which  we  have  any  record,  befote  and  after  the  Christian  en, 
is  thirty*one ;  and  ten  only,  as  we  are  informed  by  Gioeni,  indiH 
ding  that  of  which  he  has  given  an  account,  have  issued  imme* 
diately  from  the  highest  crater.  That  which  I  observed  may  betiie 
eleventh,  unless  it  should  rather  be  considered  as  the  same  with  that 
described  by  the  Sicilian  naturali^t ;  since  the  interval  between 
August  and  October  is  a  very  short  intermission  of  rest  for  a  volcana 
The  cause  of  the  rarity  of  the  eruptions  which  issue  immediately 
from  the  crater,  compared  with  those  which  disgorge  from  tbe  sides, 
seems  easily  to  be  assigued.  The  centre  of  this  volcano  is  probably 
at  a  great  depth,  and  |)erhaps  on  a  level  with  the  sea.  It  is  there- 
fore much  more  easy  for  the  matter  liquified  by  the  fire,  put  in 
effervescence  by  the  elastic  fluids,  and  impelleil  on  every  side  from 
the  centre  to  the  circumference,  to  force  its  way  through  one  of  the 
sides  of  the  mountain  where  it  finds  least  resistance,  and  there  form 
a  current,  than  to  be  thrown  up,  notwithstanding  the  resistance  of 
gravity,  from  the  bottom  to  so  great  a  height  as  the  highest  crater  of 
Etna.  It  is  evident,  therefore,  that  the  effervescence  in  the  ernp* 
tions  of  the  months  of  July  and  October  1787  was  extremely 
violent  Tlie  torrent  of  the  month  of  October  is  every  where 
covered  with  scoria,  which  resemble  those  ejected  in  tbe  month  of 
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Jlil^  in  IlieU-  black  colour,  but  clifTer  from  them  tii  tlie  great  adhe. 
noil  \\ny  have  to  the  lava,  in  tliL-.r  exlerior  vilreous  appearance, 
their  greater  weight,  and  their  hardaess,  which  is  so  great  that  they 
give  aparks  with  steel  almosi  as  pleiilifutly  as  Ditits.  These  diHer- 
ences,  tiowcver,  are  to  be  attribuleil  only  to  accidental  combiriatioas 
of  the  same  subslance ;  the  ronstilucQl  pfiiiciplcs  of  the  acori^  of 
this  lava  not  being  different  from  tbuae  of  Ihe  detached  scorite 
tnentianed  above.  Both,  likewise,  coulain  the  same  feltspar 
hinellK. 

This  new  current  was,  however,  exiremdy  difficult,  and  even  dan* 
gcrous,  in  the  passage.  In  some  places  the  scotise  projected  in 
prominent  angles  and  points,  and  in  others  sunk  in  liollow),  or  steep 
declivities;  in  some,  from  Iheir  fragility  and  snioolhne»»,  they 
resembled  lliin  plates  of  ice,  and  in  others  they  presented  vertical 
and  sharp  projections.  In  addition  to  these  difficulties,  my  gnjdet 
informed  me  I  should  have  to  pass  three  places  whrre  the  lava  was 
■till  Ttd-hol,  though  it  was  now  eleven  months  since  it  bad  ceased 
to  flow.  These  obstacles,  however,  could  not  overcome  my  resolu- 
tion In  surmount  (hem,  and  I  then  experienced,  as  I  have  fre- 
quently done  at  other  times,  how  iiiucb  may  be  effected  in  difficul- 
ties and  dangers  like  these,  by  mere  physical  courage,  by  th« 
■ssi^lHnce  of  which  we  may  proceed  alon^'  Ihe  edge  of  a  precipice 
ill  safety  ;  while  the  adventurer  who  autfcrs  himself  to  be  sur|irised 
by  a  panic  fear  will  be  induced  cowardly  (o  desist  from  the  enter- 
priie  he  might  have  completed.  In  several  places,  it  is  true,  Ihe 
Kori»  broke  under  my  feet;  aud  in  others  1  slipped,  and  bad 
nearly  Inllen  into  cavities  from  which  1  should  have  been  with 
difficulty  extricated.  One  of  ihe  Ihree  places  pointed  out  by  the 
guides  had,  likewise  from  its  extreme  heat,  proved  highly  [limgree- 
able;  yet,  at  length,  I  surmounted  all  these  <ib>lacles  and  reached 
opposite  side,  not  without  making  several  cursory  observalioDi 
Oi>  Ihe  places  whence  those  beat^  originated.  Two  large  clefts,  or 
■pertures,  in  different  places  appeared  in  the  lava,  which  there,  not- 
withstanding Ihe  clearness  of  the  day,  bad  an  obscure  redness ;  and    { 

ipplying  ibe  end  of  the  staff  which  I  used  as  a  support  in  I 
difficult  journey,  to  one  of  these,  it  preseutly  smoked,  and,  iiui 
dialely  ufler,  took  fire.     It  was  therefore  indubitable,  that  this 
beap  of  ejected  lava  still  cottlained  within  it  Ibe  aclite  remains  of 
%'ot,,  I.  3  E 
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fire^  wbicli  were  more  manifest  there>  Ibaii  in  other  places^  becaiue 
those  matters  were  there  collected  in  greater  quantities. 

I  had  yet  to  encounter  other  obstacles.  1  had  to  pass  that  tract 
wbich  may  properly  be  called  the  cone  of  Etna,  and  which,  in  a  right 
line,  is  about  a  mile,  or  somewhat  more  in  length.  This  was  ex.- 
tremely  steep,  and  not  less  rugged^  from  the  accumulated  scone 
Hhich  had  been  heaped  upon  it  in  the  last  eruption^  the  pieces  of 
which  were  neither  connected  together^  nor  attached  to  the  grouqd; 
so  that,  frequently,  when  1  stepped  upon  one  of  them,  before  I 
could  advance  my  other  foot,  it  gave  way^  and,  forcing  other  pieces 
before  it  down  the  steep  declivity,  carried  me  with  it,  compeUiqg  me 
to  make  many  steps  backwards  instead  of  one  forwards.  To  add 
to  this  inconvenience,  the  larger  pieces  of  scoriae  above  that  oo  which 
I  had  stepped,  being  deprived  of  the  support  of  those  couti^uoost^ 
them,  came  rolling  down  upon  me,  not  without  danger  of  Tioleiitl} 
bruising  my  feet,  or  breaking  my  legs.  After  several  ineflfeduil 
attempts  to  proceed,  I  found  the  only  method  to  avoid  this  ioooii* 
venience  and  continue  my  journey,  was  to  step  only  on  those  laifer 
pieces  of  scoriie  which,  on  account  of  theur  we^ht,  remained  firm: 
but  the  length  of  the  way  was  thus  more  than  doubled^  bj  the  d^ 
cuitous  windings  it  was  necessary  to  make  to  ^d  such  pieces  of 
scoriae  as  from  their  large  size  were  capable  of  ajBfording  a  liaUe 
support.  1  employed  three  hours  in  passing,  or  rather  draggiog 
myself  to  the  top  of  the  mountain,  partly  from  being  imable 
to  proceed  in  a  right  line,  and  partly  from  the  steepmess  of  the 
declivity,  which  obliged  roe  to  climb  with  my  bauds  and  feet, 
sweating  and  Breathless,  and  under  the  necessity  of  stoopiof  at 
intervals  to  rest,  and  recover  my  strength.  How  much  dia  I  tbn 
envy  the  goad  fortune  of  those  who  had  visited  Etna  before  tkt 
eruption  of  1787,  when,  as  my  guides  had  assured  me>  the  jounqr 
was  far  less  diBicult  and  laborious ! 

I  was  not  more  than  a  hundred  and  fifly  paces  distant  fomi  the 
vertex  of  the  cone,  and  already  beheld  close  to  me,  iu  all  their  nt* 
jesty,  the  two  columns  of  smoke.  Anxious  to  reach  the  bordcisof 
the  stupendous  gulph,  I  summoned  the  httle  strength  I  had  reioiiD' 
inf',  to  make  a  lust  effort,  when  an  unforeseen  obstacle,  f<ff  A 
moment,  cruelly  retarded  the  completion  of  my  ardent  wiihei. 
Tlie  volcanic  craters,  which  are  still  bumipf  mpre  or  less,  iw 
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i  aciil  sircams,  which  \nm 
in  ihe  air.     From  lliejie  tbe  igiiimit  of 


usually  surrounded  with  liol  sulpli 

from  their  sidet,  and 

Etna  i^  not  exempt ;    but  the  lar^eit  of  tliem  rose  to  (he  west.. and 

1  wa»  on  the  soiith-ea^it  aide.     Here,  likewise,  four  or  li»c  struam* 

ofBtnoke  arose,  from  a  (Mrt  somewhat  lower;  and. through  these  It 


I 

I 

ic  ■ 


wa«  tKi-euai 
»ud  on  the 
from  weakui 
tvilh  Ihe  utino»t  ilifficullj  that 


u  pass ;  smce 


II  one  jiile  was  a  dreadful  precipice, 

declivity  tliat  I  and  nij  companion, 

ascend  it;    and  it  was 

1  made  llicir  way  up  il. 


.able 
iriwogui 


st  sum- 
:  wheU 


MotwithtlAndiiig  llicy  were  so  much  accustomed  to  sucli  Iaboriot)i 
cxpedilioos.  We  conliimed  our  Journey,  therefore,  through  the 
diidstaf  the  valours;  but  though  we  ran  as  fast  as  the  ground  and 
our  streitj^th  would  permit,  the  sulphureous  steams  with  which  they 
Were  loaded  were  extremely  ofTciisive,  and  prejudicial  to  re^pirafioii ; 
and  affected  me,  io  particular,  so  much,  that  for  some  moments  I 
Mm  deprived  of  sense;  and  foimd,  b;  experience,  how  dangerous 
■0  undertaking  it  is  to  visit  volcanic  regions  invested  by  such 
vapours. 

Having  passed  this  place,  and  recovered  by  degrees  my  fomiA  < 
pKMDce  o{  mind  ;  in  less  tliau  an  hour  I  arrived  at  Ihe  utmost  si 
uil  of  Etna,  and  began  to  discover  the  cdifca  of  the  t 
oar  guides,  who  had  preceded  me  at  some  distance,  turned  bacl^    I 
hndf  hastening  towards  me,  exclaimed  in  a  kind  of  liansporl,  thuf  I 
sever  could  have  arrived  at  a  more  proper  time  to  discover  and    I 
observe  the  uiternal  part  of  this  slu|>eudau»  volcano.     Tlie  readir    I 
will  easily  conceive,  without  my  attempting  to  descnbe  it,  bow  great 
a  pleasure  I  felt  at  finding  my  lahuurs  and  fatigue  at  length  crowned 
with  aucb  complete  success.  Tl]is  pleasure  was  exalted  to  a  kind  of 
tspture,  wlien  1  had  completely  reached  the  spot,  and  perceive^ 
fiiat  1  might,  without  danger,  conteniplate  this  amazing  spectacl^L 
I  sat  down  near  the  edge  of  the  crater,  and  remained  there  two 
hours,  to  recover  nty  strengtl)  after  the  fatigues  I  had  undergone  lu' 
■ly  jouniey,     1  viewed  with  astonishment  the  conSgnmlion  of  Ib^ 
borders,  the  inlemal  sides,  Ihe  form  of  the  immense  cavern,  its  biit^ 
Ibui,  an  aperture  which  appeared  in  it,  the  melted  matter  whtcn    | 
boiled  within,  aud  the  smoke  which  ascended  from  il.     The  whol^ 
of  this  stupeudous  scene  was  distinctly  diaplayed  before  me ;  and  I 
■ball  now  proceed  to  give  some  description  of  it,  though  it  will  uutj 
3  E  2 
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DOW  appeared  so  calm  and  still,  would  long  remain  io  the  sane 
st^te ;  but  that  it  waa  possible,  from  circumstaDces  difficult  to  fore- 
see, that  it  might  be  throwu  up  on  a  sudden,  and  punish  our  impm- 
dent  curiosity  by  buryiog  us  beneath  the  fiery  ruin ;  in  support  of 
Mfhich  suggestion  they  produced  seterai  instances  of  sudden  and 
n|ost  unexpected  eruptions. 

We  have  seen  above,  that  there  were  two  coluiniw  of  smohe 
afisiog  from     tua.    It  is  to  be  remarked  that,  besides  that  point  of 
Mount  £ttta  on  which  I  stood,  there  is  auother  to  the  north,  a 
quarter  of  a  mile  higher ;  and  which  renders  the  summit  of  Etna 
properly  bifur^ted.    Within  the  first  prominence  is  sunk  the  crater 
I  liav^  described ;  and  on  the  side  of  the  other  »  the  second^  fioii 
which  ascends  a  lesser  column  of  smoke.    The  second  crater  ir 
smaller  by  about  the  one*half  than  that  I  have  already  described; 
and  the  one  is  separated  from  the  other  only  by  a  partition  of  soon 
aqd  accumulated  lava,  which  lies  in  the  direction  of  from  cast  ts 
west.     I  made  my  observations  on  this  second  crater  from  a  snnll 
distance;  but  it  was  impossible  to  advance  to  it^  on  account  of  the 
numerous  and  thick  streams  of  smoke  by  which  it  was  auraoonded. 
This,  however,  was  no  great  disappointment,  after  having  seen  ui 
examined  the  principal  crater,  which  b  th^),  whence  several  cunenti 
otf  1«VB  had  issued  in  17S7-    I  ought,  cectaiply^  to  consider  mptV 
as  extremely  fortunate,  in  being  able  to  gratify  my  curiosity  with  so 
near  and  distinct  a  view  of  the  objects  I  have  described ;  as  tk 
guides  assured  nie>  that^  among  all  tJie  times  when  tJiey  had  coo- 
ducted  strangers  to  the  summit  of  Etna,  this  was  the  ooiy  one  ia 
which  they  had  a  clear  and  andisturbed  view  of  the  internal  parti 
of  that  immense  gulph.    AAer  my  retaxu  to  Catania,  the  Ghevalin 
Gioeni  likewise  declared  to  me  that,  in  nil  his  different  excursions  Is 
that  mountain,  he  had  never  had.  a  good  fortune,  similar  to.  miae; 
and'thaf,  a  month  before  my  arrival,  be  had  made  a  jomoeyH^ 
Etna,  with  the  Chevalier  Dangios,  furnished  with  the  necessMiy  iiK 
siraments  to  ascertain  accurately  the  height  af  the  mountiia ;  iNit 
when  they  had  arrived  at  the  foot  of  the  consw  where  they  had  p^ 
pmc&io  begin  4heir»opeFat  ions,  they  were  obliged  to  return  back 
Ironi  tfie  6b9taele«  theymet  witln  whipk«  to  say  the  truths  are  cqn* 
Mifmlv  netf Iter fow, nor  smallwi  •' •    • 

Etna  H«%  lb  •<(>rodi9it>ii8  lieight  abnve  the  hn\  of  die  ata,  ui 
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its  summit  is  usaally  covered  witli  snows  and  ice,  and  obscured  with 
clouds,  except  when  the  latter  are  low  and  range  along  the  sides. 
Tlie  f^inds,  likewise,  frequently  blow  with  such  violence  that  per- 
sons can  scarcely  keep  their  feet,  not  to  mention  the  acute  cold 
which  benumbs  the  limbs.  But  the  most  formidable  impediments 
to  the  progress  of  the  adventurers  who  attempt  this  perilous  journey^ 
are  the  streams  of  sulphureous  vapour  which  rise  on  the  sides,  and 
the  thick  clouds  of  sulphureous  smoke  which  burst  forth  from  the 
mouth  of  the  volcano,  even  when  not  in  a  state  of  agitation.  It 
seems  as  if  nature  had  placed  these  noxious  fumes  as  a  guard  to 
Etna,  and  other  fiery  mountains^  to  prevent  the  approach  of  curio* 
sity,  and  secure  her  mysterious  and  wondrous  labours  from  disco- 
.very.  I  should,  however,  justly  incur  the  reproach  of  being  ungrate- 
firi,  were  I  not  to  acknowledge  the  generous  partiality  she  appeared 
to  manifest  to^varHs  me.  At  the  time  I  made  my  visit,  the  sky  was 
clear,  the  mountain  free  from  snows,  the  temperature  of  tlie  atmo- 
sphere not  inconiinodious,  the  thermometer  standing  at  seven 
degrees  above  the  freexing  point  (forty  eight  degrees  of  Fiilircnheit), 
aud  the  wind  favouring  my  design,  by  driving  the  smoke  of  the- 
crater  from  me,  uhich  otherwise  would  alone  have  been  sufficient 
to  have  frustrated  all  my  attempts.  The  streams  of  smoke  I  met 
with  in  my  way  were,  indeed,  somewhat  troublesome,  but  they 
might  have  be(»n  nuch  more  so;  though,  had  our  guides  con« 
ducted  us  by  another  road,  as,  on  my  return  to  Catania,  I 
Ibimd  they  might  have  done,  we  should  have  escaped  this  incon* 
Femence. 

It  here  will  not  be  improper  to  compare  these  observations  on  the 
crater  of  Etna  with  those  of  Baron  Riedesel,  Sir  William  Hamilton, 
Mr.  Brydone,  and  Count  Borch ;  as  such  a  comparison  will  shew 
the  great  changes  which  have  taken  place  in  this  volcano,  within  the 
space  of  twenty  years ;  that  is^  from  the  time  when  it  was  visited  by 
Baron  Riedesel,  in  1767,  to  that  of  my  journey,  in  1788.  At  the 
time  when  tliat  traveller  made  his  observations,  the  crater  was  en* 
larged  towards  the  east,  with  an  aperture  which  now  no  longer 
exists.  He  has  not  given  the  measure  of  its  circuit,  nor  has  he  men* 
tioned  the  interior  aspect  of  the  crater ;  probably  because  he  had 
pot  seen  it,  having  been,  as  I  imagine,  prevented  by  the  quantity  of 
smoke  which,  he  tells  us,  continually  ascended  from  it. 

2  B  4 
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It  ii  worthy  of  notice,  however*  that  mt  that  tone  there  wais  aot 
at  the  bottom  of  the  crater  the  hard  flat  surface  I  have  described ; 
since  the^stooes  thrown  into  it  did  not  retom  the  sowllest  sound. 
Within  the  gulph  itself*  was  heard  a  noise  similar  to  that  of  the  wates 
of  the  sea  when  agitated  by  a  tempest,  which  noise,  probably 
proceeded  from  the  lava  within  the  bowels  of  the  monntain,  lique- 
fied and  in  motion.  We  may  iience  conceive  how  eas9y  a  volcano 
may  begin  to  rage  on  a  sodden,  though  before  apparently  in  a  stat^ 
of  complete  tranquillity ;  for  if  we  suppose  a  superabuodaot  qmuh 
tity  of  elastic  substances  to  have  been  suddenly  developed  in  the 
liquid  lava  of  Etna,  either  at  the  time  when  Baron  Riedosel  visiled 
the  crater,  or  wlien  I  observed  it  in  a  state  of  slight  conunotioa 
within  the  golf,  it  must  immediately  have  swelled  in  every  part, 
beating  violently  against  the  sides  of  the  caverns  in  which  it  was 
imprisoned,  thundered  among  the  deep  cavities,  and,  borstiiig  fNlk 
through  tlie  sides,  have  poured  out  a  river  of  fire  i  or,  should  ill 
violence  have  been  there  resbted,  it  would  have  mshed  np  withai 
the  crater,  until  it  overflowed  its  brink,  and  deluged  the  »dcs  of 
the  mountains  with  its  torr.  nts. 

Sir  William  Hamilton,  on  the  26th  of  October  1769,  arrived  a| 
the  summit  of  Etna,  with  great  difficulty,  on  account  of  the  sncws 
he  met  with  in  bis  way,  tlie  severity  of  the  atmosphere,  the  aolphil* 
reous  vapours,  and  the  violence  of  the  wind.  I|e  was  uiiab|e  lo 
view  dbtioctly  the  lower  parts  of  the  crater,  being  prevented  by  the 
great  quantity  of  smoke  which  issued  from  it;  though,  when  this 
smoke  was  sometimes  driven  away  by  the  wind,  be  could  discover 
that  the  crater  was  shaped  like  a  funnel,  diminishing  until  it  ended 
in  a  point ;  and  that  tbb  funnel  was  incrusted  over  with  salt  aad 
sulphur.    The  crater  was  two  miles  and  a  half  in  circumfereoce. 

From  the  time,  tbt- refore,  of  the  journey  of  Baron  ((iedesel  to 
that  of  Sir  William  Hamilton,  the  crater  must  have  undergone  grest 
changes  in  its  structure ;  since,  if  the  stones  that  were  tiirown  into  it 
gave  no  indications  to  the  ear  that  they  struck  against  any  solid  body, 
it  b  manifest  that  there  must  have  been  an  abyss  as  well  as  a  fiiuDel; 
and  as  the  funnel  terminated  in  a  point,  when  it  was  observed  by  Sir 
William  Hamilton,  it  is  evident  that  the  flat  bottom  I  have  described, 
and  which  was  about  two*thirds  of  a  mile  in  circuit,  did  not  tben 
exist. 
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The  inlernal  sides  of  llic  cra'er.  Sir  Williani  tells  us>  were  covered 
«ttti  H  ^^u^l  of  Vill  uiitl  siilplmr  :  but  lie  doei  not  specify  the  nature 
€>f  ilie  former  ;  and  though  the  presence  ol"  llie  laller  is  not  inipro- 
bahle,  he  niiglil  have  beeu  led  into  a  mistake  by  the  yellow  colour, 
auti  have  taken  the  muriuie  of  ammonia  (sal  ammoniac)  for  sulphur, 
u  I  did  before  I  had  eumined  it.  Sir  William  has  not  told  us  thai 
he  made  any  exauimutiou  at  all ;  and  it  is  probable  that  he  judged 
ouly  from  the  appearance  it  presented  to  hie  eye. 

He  observes,  lastly,  that  the  craler  was  two  miles  and  a  half  tn 
circumference;  an  esiimale  which  may  be  made  to  agree  with  mine 
t>y  neglecling  the  partition  which  separates  lite  greater  craler  from 
lUe  less,  and  considering  them  both  as  one.  The  mm  of  the  two 
circumferences,  acconling  to  the  estimate  i  have  given,  would  not 
Ihvn  greatly  differ  from  lite  measure  of  Sir  Wdliam  Hamiltoti. 
Nolhmg,  likewi^,  can  be  more  probable,  than  that  among  the  va- 
rious changes  that  have  happened  to  Etna,  this  partition,  by  which 
Ihe  great  crater  is  divided  into  two  parts,  has  been  produced. 

Omitting  the  nbseivuiiou  of  Mr.  Brydone,  that  "  the  tremendous 

gulf  of  Etna,  so  celebrated  in  all  ages,  has  been  looked  upon  as  the 

terror  both  of  this  and  another  life,  that  inspires  such  awe  and 

J*  iorror,  thai  it  is  not  surprising  that  it  has  been  considered  as  (lie 

place  of  the  damned;"  and  rejections  of  a  similar  kind  which  ha 

'      baa  employed  ;  and  confinmg  ourselves  to  what  he  actually  saw  ott 

1      tbe  agtb  of  May  1 770,  we  leant  from  him  that  "  the  crater  waa 

I      then  a  circle  of  about  three  miles  and  a  half  in  circumference  ;  that 

i|      il  went  shelving  down  on  each  side,  and  formed  a  regular  lioUow,, 

k    like  a  vast  amphitlieaire;  and  that  a  great  moutlt  opened  near  tbe 

centre*. 
j  Front  ihe  lime  of  the  journey  of  Sir  William  Hamilton,  therefore, 

I      to  ibat  of  tbe  viMt  of  Brydone,  that  is  to  say,  within  the  short  spaca 
I      «f  a  year,  various  chaogis  bad  hap|>ened  to  this  volcano,  by  the  ea> 
'      largement   of  its   craler,    and  a  spacious  aperture  formed  in  its 
boltODi. 

Couul  Burcl)  ajipears  to  have  wished  to  exceed  Ihe  three  other 
travellers  in  brevity,  relative  (o  this  subject ;  since  he  only  tells  ui 


^ 


^ 
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thai  he  arrnred  it  the  mooiitam  od  the  l6tli  of  December  1 776*  and 
that  the  crater  of  Etna  is  formed  like  a  funfid.  He  adds,  fcofreTer, 
what  b  worthy  of  notke,  that  the  summit  of  Elna  is  bifurcated,  9s  I 
observed  it  to  be :  a  circumstance  not  noticed  by  others,  SirH  illiam 
Hamilton  even  affirming  that  the  snmmit  of  the  mountain  b  single ; 
whence  we  may  conclude  that  one  of  theso  suomiits  has  been  pco- 
dttced  since  the  time  of  the  journey  of  Brydone,  in  1770. 

On  comparing  the  above-cited  observations,  made  within  the 
apace  of  tweuty-nne  years,  we  may  perceive  how  many.chauges  have 
taken  place  in  Etna  during  that  interval ;  and  as,  within  that  time, 
the  mountain  has  suffered  only  two  violent  convubions,  in  the  cnip> 
tions  of  1781  and  IJSJ,  it  b  evident  that,  even  in  the  state  of  appt- 
rent  inaction,  it  still  internally  exerts  its  force. 

To  these  observations  it  may,  likewise,  not  be  without  ntSity  to 
add  those  of  M.  D*Orville.  He  ascended  Etna  in  1727»  and  re- 
marked two  craters,  fme  larger  than  the  other.  The  latter  he  only 
mentions,  but  the  former  he  describes  at  some  length.  Its  cirauh 
ference  was,  perhaps,  somewhat  more  than  four  miles.  FVom  it 
issued  clouds  of  smoke  and  reddish  flames.  These,  however,  diii 
not  prevent  hb  approaching  to  the  edge  of  the  gulf;  though,  to  pre* 
vent  the  danger  of  falling  into  it,  he  and  hb  companions  faatened 
themselves  to  a  rope  held  by  three  men.  On  looking  into  the  enter, 
they  were  unable  to  dbcem  the  bottom,  on  account  of  the  flames 
and  smoke :  they  only  observed  that  a  conical  bill,  formed  of  hva, 
rose  in  the  middle  of  the  crater,  the  top  of  which  they  estimated  to 
be  sixty  feet  below  them  ;  and  they  wert  able  to  see,  perhaps,  about 
sixty  feet  lower :  where  they  conjectured  the  circuit  of  this  hill  migkt 
be  from  six  hundred  to  eight  hundred  feet  *. 

We  have  here  a  remarkable  circumstance  relative  to  Etim,  as  it 
appeared  in  the  time  of  M.  D'Orville^  and  not  observed  by  any  oae 
of  the  four  travellers  above  cited— I  mean  the  conical  hill  witfaffl 
the  crater.  Every  observation,  therefore,  tends  to  confirm  the  ineoo* 
stancy  of  the  internal  con6guration  and  dimensions  of  thb  volcano. 
It  b  an  extinguished  forge,  which,  in  proportion  to  the  violence  of 
the  fire,  to  the  nature  of  the  fossil  matters  on  which  it  acts,  and  of 
the  elastic  fluids  whieh  urge  and  set  it  in  motion,  produces,  destioys, 

'  ■  ■■  '        '    t 

•  Jacobi  Pbilippi  D'Orville  SicoU, 
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aikd  re-praduc«s  various  forms.  Tlie  UMial  and  natural  figure  of  tho 
summit  of  a  volcanic  nioiiiilaJii  is  ihal  of  au  iiivcrlvd  concave  cone 
within,  and  one  solid  and  rtect  wilboul ;  and  Micli  a  coufigurulioor 
io  countries  wbich  are  <to  longer  in  a  state  of  cunDiigratiou,  b  one  of 
the  mntt  rerlwn  indications  of  the  existence  of  bq  aBciejit  votcauh 
Tttis  cone,  however,  is  liable  to  very  great  clianife*;  according  to  the 
greater  or  ks*  fury  of  the  volcano,  and  Ike  ijuaulity  and  iiualily  of 
the  mailers  ejected.  Its  internal  part,  from  more  than  on«  causei  is 
expraed  to  continual  violence  and  chunge.  Tlie  prodigious  cavities 
of  the  mounuiii  make  it  almost  appear  suspended  in  the  air,  U 
*  mMy  easily,  llierefore,  give  way,  and  fall  in  ;  especially  on  the  violant . 
impolse  of  new  matters  which  endeavour  to  force  a  passage  througli. 
Ibc  upper  pari ;  in  coDse(]Hence  of  Hhtch  the  inverted  cone,  accent* 
ing  to  circumstances,  present  the  appearance  of  an  aperture,  or 
wfairlpoolt  or  a  gulf.  Should  the  liquid  lava  pass  through  the  aper- 
ture, and  continue  there  some  lime,  its  superficies,  by  tlie  contact  of 
Ihe  cold  air,  losing  its  lieal  gradually,  would  congeal,  and  form  a. 
CTVtt  or  «olid  plaau  ;  and  should  llio  fluid  lava  beneath,  al^rwardi^. 
act  forcibly  on  this  crust,  it  might  burst  it,  or  ntake  a  passage  wlieie| 
it  found  l<ast  resistance;  in  which  caie  the  melled  lav:<  would  occupy . 
thHt  Hperture.  SboiiM.  theu  the  crust,  instead  of  ascending  in  a . 
Bingle  body,  be  forced  up  in  small  fragntenls,  these,  cooled  in  thg. 
sir,  would  fall  down,  m  iiumense  <]iianlilies,  within  the  crater,  and) 
from  tiu  efiect  of  the  laws  of  gravity,  nuwt  accumulate  iu  the  figute. 
of  a  cone.  These  theoretical  conjectures,  if  they  do  not  perfedly 
dqiUia,  may  al  least  enuhle  us  to  conceive,  (he  nature  of  the  cansea, 
which  have  produced  Ihe  dil}'erence  of  appearance  observed  at  dif^, 
ferent  times  in  the  crater  of  Eliia. 

It  is  much  to  be  regretted  that  we  have  go  history  of  Etna;, 
whick  did  we  possess  it,  mua  greatly  conlribule  to  elucidate  tbe^ 
theory  of  volcanoes,  and  the  causi^s  of  tlie  various  changes  which- 
have  taken  place,  al  diD'crent  limes  <b  thtt  summit  of  this  mountain 
That  such  cliaiiges  have  happened,  is  evident  from  the  few,  but  vju> 
luable,  notices  couceming  Etna,  wbich  we  find  in  ancient  authon. 
■Of  these  I  shall  briefly  state  two  or  tliree  wbich  appear  to  be  of 
most  importance.  - ' 

I  1  shall  first  produce  the  authority  of  Strabn,  thongh  he  wis  nnt '  * 

himself  an  ocular  witness,  but  relied  on  the  information  of  olhci^. 


I      Himself  an  ocular  wir 
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who  had  Tittted  Etna,  and  from  whom  he  receiTed  the  aeconnt, 
**  That  the  summit  was  a  level  plahi»  of  about  twenty  stadia  in 
dfcnmference,  surrounded  by  a  brow,  or  ridge,  of  the  height  of  a 
wall ;  and  in  the  middle  of  the  plain  arose  a  smoky  hill,  the  smoke 
of  which  ascended  in  a  direct  line,  to  the  height  of  two  hundred 
feet.- 

If  we  consider  thb  description  as  accurate,  the  crater  of  Etna  was 
at  that  time  surrounded  by  a  brow  or  ridge,  which  I  should  explain 
as  the  sides  or  edges ;  and,  in  the  lower  part,  was  separated  by  a 
mount  rising  in  the  middle*.  The  same  geographer  relates  that  two 
men,  havhig  ventured  to  descend  upon  that  plain,  were  obliged  im* 
mediately  to  return,  from  the  violence  of  the  heat. 

Solmos  tells  us  that  there  were  two  craters  from  which  the  vipoan 
issued  f. 

Cardinal  Bembo  likewise  found  two  craters  on  the  snmmit,  the 
one  higher  than  the  other,  and  about  as  fiir  distant  as  a  stone  might 
be  thrown  from  a  sling.  The  extreme  violence  of  the  wind,  and  the 
exhaling  fumes,  prevented  him  from  approachii^  the  upper  crater. 
The  lower  he  found  to  be  formed  like  an  immense  pit,  and  sur* 
rounded  with  a  plain  of  no  great  extent,  which  was  so  hot  that  he 
could  not  bear  his  hand  on  it.  From  its  month,  as  from  a  chirancj^ 
continually  issued  a  column  of  smoke. 

Of  the  other  crater,  which  he  could  not  observe  himself,  he  re* 
ceWed  a  description,  at  Catania,  firom  a  monk,  who,  he  assures  m^ 
was  a  man  deserving  of  credit,  and  well  acquainted  with  such  sub- 
jects. He  informed  him  that  this  crater  was  situated  on  the  highest 
part  of  the  summit  of  Etna ;  that  it  was  about  three  miles  in  circum- 
ference; formed  like  a  funnel;  and  that  it  had  in  the  middle  a 
spacious  cavity.  He  asserted  that  he  had  made  a  circuit  of  it,  along 
a  kind  of  narrow  ridge ;  that,  from  time  to  time,  it  threw  <mt  stones 
and  burning  matters,  to  a  considerable  height,  roaring,  and  shakhig 
the  ground ;  but  that,  in  the  intervals  when  it  was  undisturbed,  he 
had  observed  it  without  danger  or  difficulty. 


•  This  olitenr»tioB  agrees  with  that  of  D'Orrille  mentioned  above.  I  in4, 
likewiie,  that  limilar  mounts  l»Te  sometimes  been  thrown  np  within  the  cialer 
of  Vesavius.    De  Bottis  litoria  di  warj  inctn^j  del  Vesuvio* 

f  In  Etose  vertice  hiatus  dno  sant,  creteres  nominatif  per  ^nos  emctatoi 
emmpit  vapor.    Cap.  xi* 
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In  Ibe  lime  of  Fazello,  bowever,  «ho  visiiwl  Elna  after  Cardiual 
,&embo,  lliere  were  no  longer  Iwo  cralers,  but  onlj  one ;  ihe  circuin> 
ference  of  wbicli  as  be  informs  us,  vnas  four  utiles.  It  had  Ibe  usual 
form  of  Ibe  fuonelj  emitted  Gre  and  tliick  smoke,  but,  at  intervals, 
wju  calm,  and  might  be  approached  ;  at  which  limes  a  subterraneous 
noite  was  beard,  and  a  souud  like  ibal  of  ibe  boiling  of  an  immense 
caldron  on  a  vast  fire.  These  observations  were  made  by  bim  iu 
1541.  and  \Sii;  iu  both  wbicb  years  the  crater  appears  to  have 
been  single  ". 

These  few  citations  appear  lo  me  sufficient  to  shew  what  changes 
have  taken  place  in  the  summit  of  Etna,  relative  lo  tbe  number,  Ihe 
form,  and  the  size  of  its  craters,  accordiug  to  llie  difierent  efierts  of 
its  conflagtalions  at  different  times.  But  there  is  likewise  another 
alteialion  wbicb  should  not  be  passed  unnoticed,  described  bjf 
Iwo  writers  who  themselves  observed  it,  Fazello  and  Borelli ;  I 
mean  ihe  fulting-in  and  absorption  of  Ihe  extreme  summit  of  Etna 
within  its  cnttei.  The  former  of  the  abnvementioiied  authors  re- 
lates that,  in  his  time,  there  arose,  in  tbe  month  of  the  crater,  a 
little  hill,  isolated  on  every  side,  which  formed  the  vertex  of  the 
nto  nil  lain }  and  which,  in  a  terrible  etuptiuii,  fell  into,  and  was 
burred  in,  the  gulf,  thus  enlarging  the  crater,  and  diminishing  Ihe 
height  of  the  mountain.  This  hill  itself  bad  been  produced  by  a 
former  eruption  in  1444*. 

In  like  manner,  Borelli  informs  ua  that,  i[i  the  coollagratiou  of 
i669,  tbe  summit  of  Etna,  which  rose  like  a  lower  to  a  great  height 
above  Ihe  part  which  is  levels  was  swallowed  up  in  the  deep  gulf  t, 

I  have  already  said,  that  when  I  visited  Etna  its  summit  was  di- 
vided into  two  [mints,  or  little  mountains,  one  of  which  rose  a 
quarter  of  a  mile  above  tbe  other.  I  should  not  be  surprised  were 
I  to  hear  that,  in  some  new  and  fierce  eruption,  the  highest  of  these 
had  (alleu  in,  and  the  two  craters  become  one  of  much  Larger  dimeu- 
■ioDs.  We  know  that  llie  summit  of  Vesuvius  has  somclmies  fallen 
«lovm  in  the  same  manner ;  nor  docs  it  uppc;ir  dillicult  to  lusign  tbe 
cause.  It  seems  to  admit  of  no  donbl  that  the  highest  parts  of  Etna, 
and  other  mountains  which  vomit  tire  from  ibeir  summils,  have  their 
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fbnndations  on  the  sides  of  the  crater,  which  extend  to  an  immense 
depth.  In  any  violent  earthquake,  therefore,  or  impetuous  shock  of  the 
lava  endeavouring  to  force  a  passage,  it  may  easily  be  imagined  that 
those  foundations  must  be  torn  up  and  broken  away,  and  the  summit 
of  the  volcano  full  and  be  lost  in  the  gulf. 

These  dilapidations  have  not,  however,  fVom  time  immemorial, 
produced  any  sensible  diminution  of  the  hei^t  of  the  summit  of 
Etna ;  since  the  losses  occasioned  by  some  eruptions  are  repaired  by 
others  which  follow.  This  may  be  inferred  from  a  phenomenon 
usually  mseparable  from  the  summit  of  Etna,  though^  by  a  rare  ac- 
cident, not  observable  at  the  time  of  my  journey ;  I  mean  the  ice 
and  snow  with  which  it  is  covered.  Had  any  considerable  decrease 
of  the  heiglit  of  the  mountain  taken  place^  in  consequence  of  the 
summit  repeatedly  falling  in  in  former  ages,  the  ice  and  snow  would 
not  certainly,  in  a  climate  so  mild,  have  continued  to  envelop  the 
top'  of  the  mountain,  as  they  now  do,  even  during  the  greatest  beats 
of  sunmier.  But  this  continual  residence  of  the  snow  and  ice  oo 
Etna  has  been  celebrated  by  all  antiquity ;  for  near  observation  wis 
not  necessary  to  ascertain  this  phenomenon,  since  it  is  distinctly  a»> 
parent  at  the  distance  of  a  hundred  miles.  **  Adscendit  ea  regio  (say? 
Fbzello,  speaking  of  the  Upper  Region  of  Etna)  passuum  millta  fere 
xii.;  quae  per  hyemem  tota  nivibus  obsita  extrcmisque  frigonbus 
riget :  per  aestatem  quoque  nulla  sui  parte  nee  caniTie  nee  gelu  caret: 
quod  equidem  admiratione  dignum  est ;  cum  vertex  iuccndia  prope 
aempitema  jugi  flammarum  eructatione  inter  uives  ipsas  pafiat,  eou- 
triat,  ac  continuet.'* — "  This  region  extends  nearly  twelve  miles; 
and,  even  in  summer,  is  almost  perpetually  covered  with  suow,  and 
extremely  cold  ;  which  is  the  more  wonderful  as  the  summit  conti- 
nually produces,  nourishes,  and  pours  forth  flames,  amid  the  ice  and 
snow  with  which  it  is  enveloped." 

Solinos  and  Silius  Ita Ileus  give  the  same  description.  The  former 
aays — *'  Mirum  est  quod  in  ilia  ferventis  naturas  pervicacia  mixtas 
^ibus  (Etna)  nives  profert :  et  licet  vastis  exundet  incendiis,  aprica 
canitie  peipctno  brumalem  detiuet  faciem  *.'' — **  Etna,  in  a  wonder- 
ftd  manner,  exhibits  snows  mixed  with  fires;  and  retains  every 
appearance  of  the  severest  winter  amid  her  vast  conflagrations.*' 

*  Cap.  xi. 
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Sllius  Italicus  has  the  fbilowing  Unes : 

Summo  cana  jogo  cohibeC  (mirabile  dictu) 
Vicinam  flammis  glaciem,  afernoqae  rigore 
Ardentefi  liorrent  scopuli ;  itat  vertice  celii 
Collis  hyems,  calidaqae  nivem  tegit  atra  fayilla  *. 

Where  barning  Etna,  towering,  threats  the  skies, 
'Mid  flames  and  ice  the  lofty  rocks  arise ; 
The  fire  amid  eternal  winter  glows. 
And  the  warm  ashes  bide  the  hoary  snows. 

And  since  I  have  quoted  one  poet^  I  will  cite  two  others;  Claudian 
and  Pindar ;  as  it  b  sufficiently  evident  that  poetry  here  must  ex- 
press trnth  and  not  fiction. 

Sed  quamvis  nimio  fervens  exuberet  sssta, 
Scit  nivibns  servare  fidem :  pariterque  favillls 
Durescit  glacies,  tanti  secura  vaporis, 
Arcano  defensa  gelu,  fumoque  fideli 
Lamtyit  cojitigoas  Innoxia  flamma  prulnas  f . 

Amid  the  fires  accumulates  the  snow, 
And  frost  remains  where  burning  ashes  glow  ; 
OVr  ice  eternal  sweep  th*  Inactive  flames, 
'•  Aad  winter,  spite  of  fire,  the  regiod  claims. 

Thus  the  Latin  poet;  but  the  Greek  has  given  us  a  picture  of 
Etna  much  more  highly  coloured,  representing  it  not  only  as  the 
eternal  abode  of  snows,  but  as  the  column  of  heaven,  to  express  its 
astonishing  height. 

NifMtfitf-  'Amw  STAff TIC 
XW9t  {£tMK  TldoM  X, 

— Snowy  Etna,  nurse  of  endless  frost, 
The  mighty  prop  of  heaTen. 

.  It  is  to  be  JTemarl^  thai  Pindar  lived  five  hundred  years  beforcf 
the  ChristiaA  sera* 

..  I  now  return  from  this  digression,  which,  though  nofc  iadeed  veij 
sbort,  appeals  to  me  perfectlyjappropriata  to  the  subject;  alid  pvo4 

•  Lib.xiv.        ^  jCUmd, de Rapt.  ProK  .   ^t  Pio^, ^«Mh Q44 L     • 
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ceed  to  resume  my  narrative.  I  shall  6rst  speak  briefly  of  a  pheocH 
menon  relative  to  tiie  smoke  which  arises  from  the  crater  of  Etna, 
and  which  was  seen  differently  by  Mr.  Brydooe,  Count  Borchy  and 
myself.  Mr.  Brydone  tells  us  that,  *<  from  many  places  of  the  crater 
issue  volumes  of  sulphureous  smoke^  which  being  much  heavier  than 
the  circumambient  air«  instead  of  rising  in  it,  as  smoke  generally 
does,  immediately  on  its  getting  out  of  the  crater,  rolls  down  the 
side  of  the  mountain,  like  a  torrent,  fill  coming  to  that  part  of  the 
atmosphere  of  the  same  specific  gravity  with  it^olf,  it  shoots  atfbo- 
rizoutally,  and  forms  a  large  track  in  the  air  according  to  the  diRC- 
tion  of  the  wind." 

On  the  contrary,  the  smoke  when  seen  by  Count  Borch,  at  the 
intervals  when  the  air  was  calm,  arose  perpendicularly  to  a  great 
height,  and  afterwards  fell,  like  white  6eeces,  on  the  top  of  the 
mountain.  I  shall  not  presume  to  doubt  these  two  facts,  thcNigk  I 
observed  neither  of  them.  The  two  columns  of  smoke  which  I  saw, 
though  bent  somewhat  from  the  perpendicular  by  the  wind,  ascended 
with  the  usual  promptitude  of  ordinary  smoke  (a  certain  proof  that 
it  was  considerably  lighter  than  the  ambient  air),  and,  wbeo  at  a 
great  height,  became  extremely  rarefied  and  dispersed.  This  differ* 
ence  in  the  appearance  of  the  smoke,  as  observed  by  the  two  authois 
before  mentioned  and  myself,  may  arise  not  only  from  tbe  gravity 
of  the  air  on  Etna  being  different  at  difiiereni  times,  but  also  from  the 
diversity  of  the  smoke,  which  maybe  sometimes  lighter  and  sometinics 
heavier  than  the  air  that  surrounds  it;  diflV>rin2^  in  its  nature  accordkig 
to  the  quality  of  the  substances  from  uliich  «t  is  produced.  Such  a 
variation  in  its  specific  gravity  must  induce  us  to  conclude  that  tbe 
bodies  which  burn  within  the  crater  are  specifically  difierent. 

Tbe  eflects  of  the  air  at  the  summit  of  Etna,  as  experienced  hj 
myself  and  some  of  the  travellers  I  have  before  cited,  were  likewise 
different.  Sir  William  Hamilton  tells  us,  that  the  thiuness  of  that  fluid 
occasioned  a  difficulty  of  respiration  ;  and  Count  Borch  appean  to 
have  experienced  a  still  greater  inconvenienre  of  that  kiml,  since  he 
says—'*  The  rarity  of  the  air  on  this  mountain  is  extremely  sensible^ 
and  almost  lenden  that  fiuid  unfit  tor  respiration.**  On  the 
trary.  Baron  Riedesel  felt  no  such  effect,  as  far  at  least  as  we 
judge  from  his  own  words.  **  I  did  not  perceive,  as  several  tra- 
vellen  have  aiiertedi  that  the  air  here  is  so  thin  and  rarefied  as  to 
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JirerenI,  or  or  at  least  greatly  tacoromnde,  respiration."  Mr.  Bry. 
done  lias  9ai<)  nolhing  on  the  subject,  and  his  silence  may  induce  u> 
to  conclude  tlial  lie  experienced  nn  ililfirulty. 

I,  iny  servant,  and  two  guides,  sufTureil  no  inconvenience  from 
the  air.  The  exertions  we  had  mnde,  indeed,  iu  climhing  up  the 
craggy  sleep  declivities  wiiich  stirround  the  crater,  had  produced  ft 
ahorloess  of  hrealUiug ;  hut  « lieu  we  had  reached  the  summit,  and 
recovered  from  our  weariness  by  rest,  we  felt  no  kind  of  inconveni- 
ence, eilherwhilesitting,  or  when,  incited  by  curiosity,  we  went  rouud 
ftnd  examined  different  parts  of  the  edges  of  the  crater.  The  same  is 
affirmed  by  Borelli :  "  i£qu£  bene  respinitio  iu  cacumiucj^tnx  absol- 
vitur,  ac  in  locii  subjectis  cam  pest  hit  us." — "  Respiration  is  performed 
with  the  same  ease  on  the  lop  of  Etna,  as  in  the  country  below." 

Several  writers  have  treated  of  the  difficulty  of  respiration  expe> 
rienced  by  those  who  travel  over  high  mountaius,  and  other  iiicon- 
Teniencies  to  which  they  are  exposed ;  but  none,  in  my  opinion, 
more  judiciously  than  M.  Saussure,  in  his  Travels  among  the  Alpi. 
The  observations  he  has  made  appear  lo  me  to  explain  the  cause  of 
(these  different  accounts  relative  to  the  effect  of  the  air  on  the  tup  of 
Elua.  When  the  height  above  the  level  of  the  sea  was  -2450  poles, 
or  nearly  such,  which  he  found  lo  he  that  of  Mount  Blanc,  every 
individual  felt  more  or  less  iaconveuiciicc  fruui  the  rarefaction  of 
the  air,  as  happened  to  himself  and  nineteen  persons  who  accom' 
panied  him,  wheu,  in  August  1 787.  he  ascended  that  mnuntaia. 
But  when  the  elevation  was  much  less,  as  for  example  I9OO  poles, 
lomc  of  these  persons  fell  no  ditliculty,  among  whom  was  this  na> 
turatist;  though  he  confesses  that  he  began  to  experience  inconve- 
nience as  he  ascended  higher.  We  have  not  indeed  any  certain 
observations  relative  to  the  exact  height  of  Etna,  as  is  sufficiently 
proved  by  the  different  eitimates  given  by  different  naturalists. 
Signor  Dangois,  however,  astronomer  at  Malta,  in  the  year  I767> 
measured  the  height  of  this  mountain  by  a  geometrical  method,  and 
tfie  public  anxiously  expects  the  results,  which  will  lalisfaclorily 
important  problem.  In  the  mean  time,  from  coniparini,' 
hitherto  assigned,  the  elevation  of  Etna  above  the 
level  of  the  sea  is  probably  somewhat  less  than  1900  poles.  Hence 
we  understand  why  respiration  in  many  persons  is  not  incommoded, 
while  the  contrary  happens  to  otliers,  according  to  the  dilTereut 
ftrcngth  and  habit  of  body  of  different  individuals, 
▼or..  I,  2  F 
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After  having  for  two  hours  indulged  my  eyes  with  a  view  of  the 
loterior  of  the  crater,  that  is^  in  the  contemplation  of  a  spectacle 
which,  in  its  kind,  and  in  the  present  age,  b  without  a  parallel  in  the 
world ;  I  turned  them  to  another  scene,  which  b  likewise  unequalled 
for  the  niuUiplicity,  the  beauty  and  the  rariety  of  objects  it  pre- 
sents. In  fact,  there  is  perhaps  no  elevated  region  on  the  whole 
globe  which  oflfcrs,  at  one  view,  so  ample  an  extent  of  aea  and 
land  as  tlie  summit  of  Etna.  The  first  of  the  sublime  objects  wkicb 
it  presents  is  the  immense  mass  of  its  own  colossal  body.  When  m 
the  country  belew  it,  near  Catania,  we  raise  our  eyes  to  this  sote- 
reign  of  the  mountains,  we  certainly  survey  it  with  admiratioD»  as  it 
rises  majestically^  and  lifts  its  lofty  head  above  the  clouds;  and  with 
a  kind  of  geometric  glance  we  estimate  its  height  from  tlie  base  to 
the  summit ;  but  we  only  see  it  in  profile.  Very  cBfleient  is  tke 
appearance  it  presents,  viewed  from  its  towering  top,  when  the 
whole  of  its  enormous  bulk  is  subjected  to  the  eye.  The  fiist 
part,  and  that  nearest  the  observer,  b  the  Upper  Region,  whidi, 
from  the  quantity  of  snows  and  ioe  beneath  which  it  is  buried  doiiig 
the  greater  part  of  the  year,  may  be  called  the  frigid  aone,  bat 
which,  at  that  time,  was  divested  of  thb  covering,  and  only  exbi- 
bited  rough  aud  craggy  cliffii,  here  piled  on  each  other,  and  fterc 
separate  and  rising  perpendicularly ;  fearful  to  view  and  impossiUe 
to  ascend.  Towards  the  middle  of  this  zone,  an  assemblage  of 
fugitive  clouds,  irradiated  by  the  sun,  and  all  in  motion,  increased 
the  wild  variety  of  the  scene.  Lower  down,  appeared  the  Middle 
Region,  which  from  the  mildness  of  its  climate,  may  merit  the  name 
of  the  temperate  zone«  Its  numerous  woods,  interrupted  in  various 
places,  seem,  like  a  torn  garment,  to  discover  the  nudity  of  the 
mountain.  Here  arise  a  multitude  of  other  mountains,  which  in  aoj 
other  situation  would  appear  of  gigantic  size,  but  are  but  pigmies 
compared  to  Etna.  These  have  all  originated  from  fiery  emptioos. 
Lastly,  the  eye  contemplates,  with  admiration,  the  Lower  Region, 
which,  from  its  violent  heat,  may  claim  the  appellation  of  the  tonid 
zone ;  the  most  extensive  of  the  three,  adorned  with  elegant  vilbs 
and  castles,  verdant  hills,  and  flowery  fields,  and  terminated  by  the 
extensive  coast,  where,  to  the  south,  stands  the  beautiful  city  of 
Catania,  to  which  the  waves  of  the  neighbouring  sea  serve  as  i 
mirror. 

But  not  only  do  we  discover,  from  thb  astonishing  elevatioii»  the 
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FBlire  massj  bodj'  of  Mount  Etna  ;  but  the  «rlio!e  of  llie  island  nf 
Skily,  wiUi  ail  iis  onble  cilirs,  lofty  hillt,  nteusive  filviin, 
mniideriiig  rivers.  In  iIk  indutinci  distance  we  perceive  Malta  ; 
but  bave  a  clear  \iew  of  llic  entirotu  of  Messitta.  ami  the  Eimln 
|iart  of  Calabria  ;  while  Lipari,  tlte  ftimiiig  Vulcano,  the  blazmg 
Siromboli,  and  Ibe  other  P.olian  i^le^,  appear  im mediately  under  I 
our  feel,  and  seem  as  if,  on  itonpiiig  down,  we  might  tnuch  ihent*: 
with  tlie  finger. 

Another  object  no  lesstuperbanit  majestic,  wai  the  fitrslretcliing 
aurface  of  ihe  subjacent  ten  which  lurrnunded  me,  and  led  ni;  eye 
to  an  immense  dislance,  tdl  it  scented  gradually  to  mingle  with  the 

Sealed  in  the  midM  of  Ihia  theatre  of  the  wonders  of  nalurv,  I 
felt  an  indescribable  pleasure  from  ihe  nmltiplicily  siid  beauty  of  the 
objects  I  nirveved,  and  a  kind  of  internal  satisfaction  and  exultation 
of  heart-  The  suii  was  advancing  to  the  meridian,  nnobscured  by 
Ibe  smallest  cloud,  and  Heaumur's  thermomeler  ilood  in  tlie  tenth 
degree  from  ibe  freeiring  point.  1  was  therefore  in  that  teTn)iera- 
ture  which  is  most  frieixlly  to  man  :  and  the  refined  air  I  breathed. 
aa  if  it  had  been  entirely  vital,  communicated  a  vigour  anil  agility 
to  my  limbs,  and  an  activity  and  life  to  my  ideas,  which  appealed  to 
be  of  a  celettial  nature. 

[^Spalainani'4  Travtli.] 


CHAP.  XI. 

VOLCANOES  OP  THE  LIPARI  ISLAM I>3. 

Jlo  the  norlliwardof  Sicily  lies  a  cluster  of  small  islands,  almost  all 
of  which  contain  volcanoes,  that  of  Stromboli  being  the  chief.  The 
crater  r>f  this  last  is  peculiarly  characterised  by  ita  freiiuent  nionien- 
tary  eruptions  of  stoires,  which,  in  consequence  of  its  being  rontined 
on  the  side  of  a  hill,  are  thrown  buck  by  a  recoil,  and  relapsing  into 
the  volcano  supply  it  afresh  with  endless  niulerials.  Tlie  island  of 
this  group,  which  isntmed  Vulcano,  has  a  larger  cntlcr,  but  its 
«  F« 
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materials  seem  cxliaii!»tcil.  The  isle  of  Lipari,  containing  the  town  of 
the  same  name,  presents  vast  rocks  of  volcanic  glass;  and  it  is  fnm 
the  hill  called  Campo  Bianco,  three  miles  from  the  town  of  Lipwiplhlt 
Europe  is  chiefly  supplied  with  pumice-stones  for  difierent  puipoMi. 
Felicuda  and  Alicudu,  the  two  extreme  Liparian  islands  towaidstk 
west,  display  equal  proofs  of  their  having  formerly  contuned  vol- 
canoes ;  and  modern  authors  have  discovered  similar  traces  m  At 
ible  of  Iscliia,  and  in  those  of  Penra  to  the  north  of  Ibe  gidpiief 
Naples;  while  that  of  Capri,  to  the  south  of  the  Neapolitan  gii|pb> 
is  supposed  to  be  chiefly  calcareous. 

The  best  account  we  have  received  of  the  volcanic  phcBoataM 
of  Stromboli  is  that  of  Spalanzani,  from  whom  we  shall  tahekaw 
to  present  our  readers  with  the  few  following  detadied 


I  SHALL  now  proceed  to  relate  what  I  observed  reladve  lotkBHil- 
cano  OH  the  night  of  the  1st  of  October.  My  residence  was  at 
cottage,  on  the  north  side  of  the  island,  about  half  a  mile  fkaaifc 
sea,  and  two  miles  from  the  volcano  ;  but  so  situated  that  thetllNd 
of  smoke  round  the  mountain  scarcely  permitted  me  toseethtfip 
of  the  fiery  ejections.  I  employed  more  hours  of  the  i||^ii 
making  my  obser^'ations,  than  I  |H*rmitted  myself  for  repose;  wl 
the  following  b  a  brief  summary  of  the  principal  appeaoMsn  I 
noticed. 

The  south-east  wind  blew  strong.  The  sky«  which  was  ckaratk 
moon  not  shining,  exhibited  the  appearance  of  a  beauUftd 
bori'alis  over  that  part  of  the  mountain  where  the  volcano  ii 
and  which,  from  time  to  time,  became  more  red  and  brilllaii^ 
the  ignited  stones  were  thrown  to  a  greater  height  from  the  tspd" 
the  mountain.  The  fiery  showers  were  then  more  copious^  aadtk 
fxplosions  which  followed  them  louder,  the  strongest 
those  of  a  large  mine  which  does  not  succeed  properly,  fraai 
cleft  (.r  vent.  Every  explosion,  however,  slightly  shook  the 
in  uliicli  I  was,  and  the  degree  of  the  shock  was  proportiflHiiltB 
the  loudness  of  the  sound.  I  do  not  believe  tliat  these  ahocha^ 
of  the  nature  of  the  earthquake ;  they  were  certainly  to  be 
to  the  sudden  action  of  the  fiery  ejections  on  the  aur,  whieh 
the  small  house  in  which  [  was,  in  the  same  manner  as  the 
of  a  cannon  will  shake  the  windows  of  the  neighbomra^ 
and  sometimes  the  houses  themselves.     A  proof  of  this  h^  thsl  Ae 
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fierj  showers  ithvays  were  seen  a  few  sijcomh  before  llie  slioti  wai 
iett,  whereas  llie  house  was  so  near  the  volcano,  thjl,  lixl  il  been  a 
Ral  earthquake,  no  iiirervul  of  lime  would  have  been  pcrcepUble, 

Before  the  iiioralng  rose,  Ihe  fiery  tight  over  the  volcano  inc?reai- 
fld  so  much,  at  three  riiOerenl  times,  lliat  it  iliuHiiiiulcd  ih«  whole 
■land,  and  a  pail  of  the  sea.  This  light  nus  each  time  but  of 
■bort  duTdlioo,  and  llie  sliowers  of  ignited  stoan  were,  while  it 
Juled,  more  copious  tliaii  bcfure. 

k  On  the  morniDg  of  Ihe  2d  of  the  same  innnth,  tlic  south-east 
wind  blew  stronger  than  ever,  anil  the  sea  was  greatly  agitated, 
llie  smoke  of  Stromboli  formed  a  kind  of  cup  rounil  tlie  top  of  the 
■tounlain,  which  descended  much  lower  thau  on  the  ji  receding  da  v. 

'  The  pbKHomena  were  the  same ;  but  the  convulsions  of  the  volcano 
were  more  violent.  The  explosions  Mere  \tty  frequfnt,  but  always 
iritb  a  hollow  sound ;  and  the  ejected  ashes  reuclied  the  srattered 
dwellings  of  the  people  of  llic  island.  In  llic  morning,  the  gronnd 
q>peaicd  very  plentifully  sprinkled  with  these  ashes,  at  lliey  are 
called  by  the  natives:  but  on  eKaminaiioo,  1  found  tli-.tt  lliey  were 
nul  properly  ashes,  but  very  finely  Iritumled  scoriBe,  consisliug  of 
very  small  grains,  of  no  determinale  form,  dry,  and  rou^h  to  Ihe 
touch,  Slid  wliicli  crumble  into  [uiwder  under  the  finger.    "Hiey 

■  are  not  fiir  from  a  vitreous  natnre,  in  colour  between  a  prey  and  4 
red.  semi-Iran  spare  nl,  and  so  light,  that  some  will  llnut  on  the 

.  water.  Their  levity  proceed*  from  the  great  quantity  of  vesicles, 
or  |>otes,  which  they  contain,  and  which  causes  tliem,  when  viewed 
vrilh  the  lens,  lo  bear  some  re^emblaiice  to  the  sea  production  of 
DBknown  orig:iu  called  savago  (favaggiaej. 

TIm  islanders  assured  ine  that  these  eruptions  were  very  incon- 
«d«ntble  compared  with  others  which  had  formerly  taken  place, 

:  during  which  the  ashes  had,  in  a  few  hours,  formed  a  covering  over 
the  ground  and  the  houses  of  severel  inches  thick  ;  and  the  stones 
ibrowD  out  were  scattered  over  the  whole  island,  to  the  great  da< 
■DBge  of  the  vineyards  and  woo<ls  which  were  near  the  volcano,  lo 
which  the  flames  communicated  *. 

•  Thete  sbgwcn  of  umd  and  imlvctizeit  icaris  seem  lo  be  iiuspnrable  ffon 
VokADic  Cfuiitiont,  nnd  lu  be  cnpiuui  iii  proportion  s<  Ihe  Inltcr  aW  .iolenl. 
Of  Mt  wt  have  rd  cioniplc-  ia  Ihe  eruption  of  Elua  in  HST.  wllM  ibe  Mnd 
muM  ttutiri  ai  far  as  Malia.  A  prodigiou.spBci:  ii  well  known  lo  Im.e  been  co. 
3  F3 
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As  the  day  advanced,  the  hope  I  had  entertained  that  I  should 
be  able  immediately  to  vbit  the  volcanic  fires  of  Stromboli,  greatly 
diminished ;  since  I  must  have  had  to  pass  a  lai^  tract  of  the 
mountain  entirely  covered  ivith  smoke,  which  had  extended  itself 
so  widely  through  the  air,  that  it  darkened  the  whole  island.  I 
deferred,  therefore,  my  intended  journey  till  the  next  day,  should 
that  prove  more  favourable,  and  employed  myself  iu  examining  the 
principal  productions  of  the  place* 

Wherever  I  placed  my  foot,  1  found  the  whole  shore,  to  the  east 
and  north-east,  composed  of  a  black  volcanic  sand.  This  nnd  is 
an  aggregate  of  fragments  of  shoerls,  as  has  been  remarked  by 
M.  Dolomieu ;  but  when  we  view  it  with  the  lens,  we  discover,  be- 
sides the  shoerls,  which  are  entirely  opake,  and  are  attracted  hj 
the  magnet,  a  number  of  small  transparent  and  vitreous  bodies,  of 
a  yellowish  green  tincture,  and  which  are  insensible  to  the  magnet 
I  was  doubtful  whether  these  were  likewise  fragments  of  shoeils, 
but  of  a  different  species,  or  whether  they  were  volcanic  chrysolites; 
their  extreme  minuteness  not  permitting  me  to  ascertain  their  nature 
by  any  satisfactory  experiment* 

This  sand  extends  into  the  sea,  to  the  distance  of  more  tbao  a 
mile  from  the  shore ;  as  appeared  from  its  adhering  to  the  simkcn 
plummet,  when  it  had  been  previously  covered  with  tallow :  pro- 
bably it  reaches  to  a  still  greater  distance. 

The  sea  easily  penetrates  through  this  sand ;  for  if  any  part  of 
the  shore  be  dug  into  a  little  depth,  sea  water  is  found,  but  rende^ 
ed  somewhat  more  fresh  by  having  left  a  part  of  its  salts  in  the 
sand ;  as  happens  to  the  same  water  when  it  issues,  drop  by  drop, 
through  a  long  tube  filled  with  sand,  through  which  is  is  filtered. 
The  fishermen  of  Stromboli,  when  they  are  in  want  of  fresh  water, 
frequently  dig  wells  on  the  shore,  and  drink  the  water  these  afibrd. 
This  sand,  as  has  been  already  said,  occupies  that  part  of  the 
island  which  fronts  the  east  and  tlie  north»east,  extending  on  the 
one  side  to  the  sea,  into  which  it  stretches,  and  on  the  other  to  the 
summit  of  the  mountain.  It  owes  its  origin  partly  to  the  immedialc 
ejections  of  it  by  the  volcano,  and  partly  to  the  pieces  of  sooris- 
ceous  lava  thrown  out  by  the  same,  which  being,  as  has  been  saki, 

vered  by  the  sand  ejected  from  Etna,  in  the  eruption  of  1669.  TUere  if 
likewise  no  eroptioD  of  Vesnyius  which  if  not  accomptnied  by  «lji|iUr  showcff 
of  land  a/id  ashes. 
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exiremelv  fi'iMt,  uiid  gctuly  Bboutiding  in  shoerb,  easily  deram- 
posc  anil  become  putverued  ki  this  sandy  nialter.  In  fad,  nollijag 
is  more  usual  tbaa  to  find  in  it  fragments  of  this  scoriaceous  lavi, 
vf  various  tvcea.  This  sand  is  found  iiriocip&llj  near  ttie  volcano, 
irherc  bolh  it,  aod  the  fcoriaceous  lavas  froRi  Khicli  it  is  htmtd, 
tall  in  the  greatest  quBulitie» ;  but  as,  from  its  fineness,  it  is  easily 
uiavvuble,  it  is  carried  b;  the  wind  to  Ibe  vallies  aiid  lower  ground* 
ijuile  to  the  sea. 

This,  however,  is  only  the  thin  upper  coating  of  those  parts  of 
Stromboli  which  it  covers,  as  under  it  lies  the  liriu  lexlure  of  the 
island :  I  mean  the  solid  lavas,  which  are  visible  nu  several  steep 
detcenis,  that  have  been  stripped  of  the  sand,  eitljer  by  tlic  acliou 
of  the  rain-water,  or  tliat  of  the  winds. 

On  the  same  day  1  made  the  circuit  of  a  great  part  of  ihe  base 
of  the  isliind,  which  is  about  nine  miles  in  ciicumfcreuce,  and  lound 
Ihe  same  solid  constructure;  a  small  tract  of  tufu,  on  the  nortb 
side,  excepted,  wljich  descends  to  Ihe  iea. 

In  this  excursion,  1  carefully  examined  the  course  mid  direction 
of  the  lavas,  and  was  convinced  that  they  all  had  flowed  from  (he 
steepest  summit  of  the  mountain,  under  dillerent  angles  of  incline- 
lion,  passing  one  over  another,  and  thus  forming  a  succession  of 
crusis,  or  strata,  like,  in  some  measure,  Ihe  coalings  of  which  ui 
oaion  consists.  In  several  places  where  the  lava  has  cutered  Iha 
M3,  these  crusis  may  be  seen  lying  one  over  the  other,  some  uflhem 
broken  or  st'juraled  by  the  shock  of  llic  waves. 

These  facts  strongly  induced  me  to  suspect  that  the  crater  of 
Stromboli  had  anciently  been  situated  on  the  summit  nf  the  moui^ 
tain,  and  that  the  lavai  which  had  principally  contributed  lo  the 
production  of  the  island  hail  flowed  from  that  crater. 

Tbe  following  niglit  I  returned  to  the  same  place,  persuaded  that 
I  shuulii  see  new  objects  to  e:tcite  my  admiration;  and  in  fact,  the 
■cene  I  beheld,  appeared  to  me  as  ileiightful  and  astonishing,  as  it 
was  noble  and  majestic.  The  volcano  raged  with  mure  violent 
eruptions,  and  rapidly  liurled  to  a  great  height  thousands  of  red  hot 
■tones,  forming  diverging  rays  in  the  air.  Those  which  fell  upon 
Ihe  precipice,  aurl  rolled  down  it,  produced  a  bail  of  streaming  tire, 
which  illuminated  and  embelliJied  the  steep  dvM.-etit,  and  diD'uscd 
itself  around  ihruugh  a  considerable  space. 

But,  independent  of  these  ignited  stones.  I  remarked  a  vivid  liglil 
■iF* 


J 


440  VOLCANOAS  IN  THE  LIPARl  ISLANDS. 

in  the  air,  which  hovered  over  the  volcano,  and  was  oot  diminbhed 
wheo  that  was  at  rest.  It  was  not  properly  flame,  but  real  light 
reverberated  by  the  atmosphere,  impregnated  by  extraneous  par- 
ticles, and  especially  by  the  ascending  smoke.  Besides  varying  in 
its  intensity,  it  appeared  constantly  in  motion,  ascended,  descended, 
dilated,-and  contracted,  but  constantly  continued  fixed  to  one  place, 
that  is,  over  the  mouth  of  the  volcano ;  and  clearly  shewed  that  it 
was  caused  by  the  conflagration  within  the  crater. 

The  detonations,  in  the  greater  eruptions,  resembled  the  distant 
roar  of  thunder;  in  the  more  moderate  the  explosion  of  a  mine; 
and,  in  the  least,  they  were  scarcely  audible.  Every  detonation  wis 
some  seconds  later  than  the  ejection.  This,  likewise,  was  obserf^ 
able  by  day. 

I  remained  that  night  two  hours  on  the  water  at  this  place,  and 
the  eruptions  were  so  frequent,  and  with  such  short  intermissioDs, 
that  they  might  be  said  to  be  continual. 

During  both  these  visits,  thick  showers  of  saud  and  fine  scoriz 
fell  into  the  sea,  and  falling  on  my  hat,  which  was  of  oil-doth,  made 
a  noise  like  a  small  hail. 

The  five  sailors  who  had  the  care  of  the  boat  in  which  I  was,  and 
some  other  natives  of  Stromboli  who  were  with  me,  and  whose  oc- 
cupation frequently  brought  them  to  that  part  of  the  sea,  told  mc 
that  the  volcano  might  now  be  considered  as  very  quiet;  assoring 
me,  that,  in  its  greater  fits  of  fury,  red-hot  stones  were  frequently 
thrown  to  the  distance  of  a  mile  from  the  shore,  and  that,  conse- 
quently, at  such  times,  it  was  impossible  to  remain  with  a  boat  so 
near  the  mountain  as  we  then  were.  Their  assertion  appeared  to 
me  sufficiently  proved  by  a  comparison  of  the  size  of  the  fragmects 
thrown  out  in  the  explosions  I  now  witnessed,  with  that  of  those 
which  had  been  ejected  in  several  former  eruptions.  The  first 
(many  of  which  had  been  stopped  at  the  bottom  of  the  precipice 
by  other  pieces  of  lava,  and  were  scoriaceous  lavas,  approaching  to 
a  globose  form)  were  not  more  than  three  feet  in  diameter;  bnt 
many  of  the  fragments  thrown  out  at  other  times,  of  similar  quality 
to  them,  and  which  lay  in  large  heaps  on  the  shore,  were  some 
four  some  five  feet  in  diameter,  and  others  even  still  burger. 

Travellers  have  generally  asserted  that  the  volcano  of  Stromboli 
has  for  a  long  time  discharged  its  fury  into  the  sea,  without  caiisiog 
either  alarm  or  injury  to  the  uihabitants  of  the  island.    The  crop 
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tioDs,  liowever,  fell  equally  on  every  ude  arounil  the  volcano; 
tliougb  at  tliis  place  ihey  only  full  into  the  sea,  and  ia  ifaat  eense 
their  asscrlioD  is  well-to uii (led. 

But  the  people  of  Sitoiuboli,  and  indeed  almost  all  the  inhabit- 
ants of  tlie  Ekilian  islands,  entertain  an  opinion,  equally  amusing 
and  |ia ratio \irul,  by  wliicb  lliey  explain  why  (hat  part  of  the  sea 
which  is  contiguous  to  the  ptecipice  U  never  tailed  up,  notwilbstand- 
iug  the  ininiense  quantities  uf  stones  which  have  been  continually 
filing  into  it  from  time  immemorial :  where,  InstL-ad  of  a  peninsula 
having  been  formed  by  those  stones,  as  might  naturally  have  been 
expected,  the  sea  is  generally  uid  to  have  no  bottom.  To  explain 
lliis  apparent  jiaradox,  these  good  folks  affirm,  with  the  most  entire 
conviction  that  what  they  say  is  tnie,  that  the  stones  ot  the  volcano 
which  fall  into  the  sea  are  attracted  again  by  the  mountain  through 
aectet  passages ;  so  that  there  is  a  constant  circulation  from  the 
voJcaoo  tu  the  >iea,  and  the  sea  to  the  volcano. 

I  did  not  attempt  tu  controvert  tbeir  favourite  hypothesis,  which 
would  have  been  to  nu  advantage,  and  to  no  avail ;  but  I  caused 
that  )iarl  of  the  sea  to  be  soundL-d,  and  found  it  a  hundred  and 
Iwcnly-four  feet  deep,  which,  though  that  is  not  a  great  depth  in 
tlw  Mediterranean,  is  certainly,  in  this  place,  so^le^*bBt  surprising; 
as  it  was  rutlier  to  be  eipected  that  ibe  continual  discharge  of 
■tones  into  it  should  have  produced  a  little  hill,  wbicb  would  at  last 
have  emerged  above  the  waves. 

With  resi>ect  to  the  lime  when  ibis  volcano  began  to  exerl  its 
activity,  and  to  melt  these  rocks,  we  are  pnfoundly  ignorant^  ibis 
being  an  epocba  anterior  to  all  history.  We  must  be  contented 
witb  the  imperfect  acrouuts  the  ancients  have  left  us  of  the  con- 
flagrations of  Sirombob,  wbicb  did  not  burst  forth  in  their  time, 
but  ages  before.  Of  these  accounts  I  shall  proceed  10  give  a  cou- 
ciK  view,  this  being  the  second  enquiry  it  was  proposed  lo  make, 
and  it  will  necessarily  be  brief,  as  the  notices  left  us  on  Ibis  subject 
by  the  ancients  are  extremely  few. 

Eustatius,  Sulinus,  aud  Pliny,  inform  us  that  the  flames  of  Slrom- 
boli  are  less  powerful  than  those  of  Ibe  other  islands  of  Lipari,  but 
thai  ibey  exceed  tliem  in  clearness  and  splendour.  TheM  writers, 
however,  were  only  ilte  copiers  of  Slrabo,  or  perhaps  some  abridg- 
ment of  him,  in  which  he  is  copied  incorrectly.  We  shall  therefore 
have  recourse  lo  that  celebrated  Grecian  geographer  himself; 


:  who,  J 
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after  Imviag  mentioned  Lipari  and  Vulcano,  and  informed  at  that 
Stromboli  likewise  burns,  tells  us  that  the  latter  island,  compared 
to  the  others,  b  inferior  to  them  in  the  violent  eruption  of  its 
flames,  but  that  it  exceeds  them  in  their  brightness. 

It  is  evident,  that  by  "  the  others,"  Strabo  means  Vulcano^ 
trhich  was  the  only  one  of  the  Eolian  bles,  besides  Stromboli,  io  a 
state  of  conflagration  in  his  time.  When  I  compare  Stromboli  with 
VulcauOy  I  perceive  that  even  now  there  is  this  difference  between  the 
two  ulands,  that  the  flames  of  the  former  are  much  more  resplendent 
and  lively  than  those  of  the  latter;  but  I  cannotsay  that  those  of  Strom- 
boli  are  less  violetit,  as  the  contrary  is  certainly  the  fact.  We  must, 
however,  coodude,  that  in  those  ages  the  eruptions  of  Vulcano  were 
vciy  strong  and  frequent^  which  agrees  with  the  testin^ouy  of  Dio- 
dorus,  and  that  of  Agathocles  as  cited  by  the  Scholiast  on  ApoUo- 
nius ;  the  former  of  whom  asserts,  that  in  his  time  Vulcano  and 
Stromboli  vomited  great  quantities  of  sand  aud  buruing  stones; 
and  the  latter,  that  these  two  blands  threw  out  fire^  both  by  day 
and  night. 

There  is  another  circumstance  mentioned  by  the  Sicilian  historian 
which  deserves  notice.  Tliis  b,  that  a  wind  issues  from  both  these 
libnds  with  a  great  noise.  Thb  in  some  measure  agrees  with  the 
observations  I  made  at  Stromboli,  and  the  attentive  examiner  will 
find  it  still  more  applicable  to  the  otlier  bland. 

Philip  Cluverius,  in  his  Sicilia  Antiqua,  speaking  of  Stromboli, 
tells  us  that  its  crater  is  situated  at  the  summit  of  a  mountain^  from 
which  it  pours  forth,  both  by  day  and  by  night,  with  a  horrible 
noise,  bright  Barnes  and  great  quantities  of  pumice  *•  In  one  of 
the  plates  prefixed  to  hb  work,  thb  island  b  represented  with  the 
smoke  rising  from  the  summit  of  the  mountain. 

Nearly  one  hundred  and  seventy-three  years  have  now  elapsed 
since  this  author  travelled  in  Sicily.  Ought  we  then  to  conclude, 
that,  at  that  time,  the  mouth  of  the  vol|:ano  was  situated  at  the 
summit  of  the  mountain  ?  Had  the  learned  antiquary  himself  visited 
the  island,  I  could  not  have  objected  to  his  evidence.  But  he  not 
only  does  not  say  thb,  but  the  contrary  may  be  inferred  from  his 
own  words.    Immediately  after  the  passage  I  have  already  cited, 


^  Stronsttle  hodieque  liqQidiisiiiiam  flammam,  et  pumices  magna  copia,  ex 
vcrtice,«bi  cnUeremkabet  noctcs  atqnedies,  com  frcmUohorreodo,  eructat. 
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he  adds,  "  ted  perpelui  ejus  igues  emiuus  oavigdntibiis,  iiocie  laa- 

lum,  conijHciunlur.     Funium  eoruti)  cundidissimuni  et  IlalJK  paHler 

«c  Sicilia*  liltoribus  conspexi."     It  is  therefore  cvidcut  that  he  snw 

■fan  voU~4iio  utily  from  a  distance,  and  thai,  caiiseijueDtly.  Iiii  tuser- 

lioa,  tliat  the  liery  enter  was  silimled  M  (he  summit,  is  not  to  be  * 

depended  on.     What  lie  bas  said  of  tbe  pumicei  then  thrown  out 

bjt  it,  be  ma\  have  taken  on  the  credit  ol  some  of  (he  natives  who 

guve  bim  that  in  for  tii  a  I  ion,  and  who  confounded  (tie  scoriaceoua 

lavas  with  pumices;  or  it  may  in  fuct  be  true,  since  under  tbe 

scoria!  and  lavus  of  Slroniboli,  scattered  pumices  are  found,  as  I 

have  obicrved  ubo?e. 

From  the  authorities  above  adduced  it  appears,  therefore,  that 
tbe  most  aiicietil  accounts  of  tbe  conflagrations  of  SiromboM,  trans- 
mitted to  us  by  liistory,  are  prior  to  the  Cbristiati  era  by  about  29O 
jean,  tbe  date  of  the  reign  of  Agalhocles,  the  celebrated  tyrant  of 
Syracuse.  Thb  volcano  burned  likewise  in  the  times  of  Augustus 
andTibcriu«,  when  D'lodonis  and  Sirabo  flourished.     But  after  (his  tt 

latter  period,  a  long  series  of  ages  succeeds,  during  which,  from  T* 

wranl  of  documents,  we  are  ignorant  of  the  state  of  Stromboli ;  and 
tl  is  iiot  until  the  seventeenth  century,  that  we  again  know  with  cer- 
tainty that  it  ejected  fire ;  though  it  is  not  nnprobable  that  it  conti- 
nued to  bum  likewise  during  the  times  in  which  we  lind  no  mention 
of  it  in  history :  on  which  supposition,  its  uninterrupted  conllagra- 
lion,  fur  so  great  a  length  of  time,  must  indeed  appear  astonish  iiig. 
Yet,  though  it  should  have  ceased  for  several  ages,  we  know  from  ' 

various  public  testimonies,  that  its  continued  eruptions  cannot  have 
luted  less  than  two  hundred  years. 

Here  our  curiosity  may  naturally  be  excited  by  the  (juestion : 
what  are  the  substances  which,  without  diminution,  have  nourished, 
during  such  a  number  of  years,  and  still  continue  to  feed,  these  firest 
1  do  not  perceive  that  there  is  any  reason  to  suppose  ibeni  different 
from  those  which  furnish  fuel  to  the  intermitting  volcanoes,  except 
that  (heir  source  appears  to  be  ineiLhaustible.  It  is  believed,  with 
much  reason,  thni  tiulpbur  produces  and  continues  volcanoei ;  and 
wtaerever  these  mounlaiuB  bum,  we  have  indisputable  proofs  of  its 
presence.  Still  more  effectually  to  explain  these  conflagrations,  pe- 
tiuJeum  has  likewise  been  called  in  aid  ;  and,  in  fact,  it  has  sonie- 
limes  been  found  to  is^ue  in  the  neighbourhood  of  a  volcano,  of 
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which  Vesuvius  is  ao  example  *.  The  clouds  of  thick  black  smoke, 
which  frequently  rise  into  the  air  froin  the  mouths  of  volcanoes,  and 
the  unctuosity  and  sootiness  which  are  said  to  be  found  in  the  recent 
scorise,  seem  likewise  to  be  evident  indications  of  some  bituminous 
sublimate. 

That  Stromboli  contains  within  its  deep  gulphs  and  recesses  an 
immense  mine  of  burning  sulphur,  we  can  entertain  little  doubt, 
when  we  consider  the  streams  of  smoke,  of  extraordinary  whiteness 
(a  colour  which  constantly  accompanies  sulphureous  fumes),  that 
rise  on  the  west  side  of  the  island,  and  the  smell  of  sulphur,  not 
only  perceptible  from  them,  but  from  the  large  cloud  of  smoke 
which  overhangs  the  summit  of  the  mountain.  The  small  pieces  of 
that  mineral  produced  near  the  apertures  whence  those  fumes  arise, 
are  likewise  another  proof.  But  of  the  presence  of  petrolemn,  and 
its  effects,  I  have  never  perceived  the  least  sign.  Besides  that  no 
vein  of  it  is  found  in  the  island,  nor  any  ever  seen  swimming  on  the 
sea  which  surrounds  Stromboli,  as  I  was  assured  by  the  general  te^ 
timony  of  the  inhabitants,  the  smell  of  this  bitumen  is  no  where 
sensible,  though  naturally  it  is  very  acute.  I  have  frequently  vidtcd 
the  sources  of  petroleum,  at  Monte  Zibio,  in  the  territory  of  Mo* 
dena,  and  I  could  always  perceive  the  smell  of  their  penetrating 
vapours,  at  the  distance  of  several  hundred  paces,  before  I  readied 
them.  I  therefore  conclude,  that  these  vapours  must  have  been 
much  more  sensible  at  Strombolij  as  they  would  have  been  much 
more  active,  had  petroleum  actually  burned  withm  its  gulph.  I  have 
likewise  examined,  with  the  greatest  attention,  the  scoriae  thrown 
out  by  the  volcano,  and  while  they  were  very  hot ;  but  I  never  could 
perceive  that  they  emitted,  either  from  their  surface  or  within  their 
pores  and  cavities,  the  least  smell  of  that  bituminous  substance,  or 
that  they  any  where  exhibited  any  unctuous  humidity.  As  I  knew 
that  the  smoke  which  exhales  from  burning  petroleum  is  of  a 
blackish  hue,  I  suspected  that  the  thick  and  dark  column  of  smoke, 
ivhich  arose  to  the  east  of  the  volcano,  might  be  a  sign  of  its  pre- 
sence ;  but,  on  a  nearer  approach,  I  perceived  that  its  darkness  pro* 
/ceeded  from  aqueous  vapours  which  were  mixed  with  it,  and  which, 


•  Serao,  Istoria  deir  Incendio  del  Vesuyio,  del  ITS7.     Bottii,  Istoria  i)i 
farj  iDceodj  del  Moote  Vesuvio. 
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by  my  cotitinuiag  a  sbori  time  in  it,  rendered  my  clothes  damp  and 
Wel. 

SIibII  we  Iheo  affirm  tliut  the  fires  of  Sitombolt  receive  no  kiad  of 
aliment  tVum  this  bJlutnenl  Notwiitislunding  tlie  observutiops  1  have 
ituled,  I  uould  nut  venture  confidently  to  deduce  sucb  a  conclu- 
iiion ;  since  it  is  possible  (hut  titc  ]>elroleum  may  burn  under  ibe 
mountain,  at  so  great  a  depth  thai  its  vaponrs  may  not  reacb  to  tbe 
lop,  but  may  be  dispersed  and  consumed  by  the  lire,  and  the  im> 
mense  mass  of  liquefied  mailer,  which  probably  extends  from  (be 
crater  to  the  lowe.it  roots  of  the  islaud. 

But  though  we  sboitld  not  admit  the  cxisteace  of  this  oil  within 
tbe  deep  recesses  of  the  mountain,  1  do  not  perceive  but  tlie  sulphur 
slune  may  be  sufficient  for  the  nounshmenl  of  ibe  volcano,  when  its 
fiame  is  animated  by  oxygenous  gas,  the  presence  of  which,  in  vol- 
canic abysses,  seems  undeniable,  from  the  substances  they  contain 
proper  to  generate  it,  when  acted  on  by  tbe  fire.  Tbe  long  duration 
without  inleruiisMion,  therefore,  of  these  conflagrations,  may  be  very 
sufficiently  explained  by  the  immense  quantities  uf  sulphur,  or,  la 
speak  more  properly,  sulpliiires  of  iron  which  we  must  necessarily 
suppose  contaioed  in  the  bowels  uf  the  mountain ;  a  supposition 
rendered  the  more  probable  by  the  prodigious  subterranean  accumo- 
lalions  of  thb  mineral  which  have  been  discovered  in  various  part* 
«f  the  globe. 

[Spalanzani.  Ihlomieu,  Isles  Ponca.} 
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CHAP.  XII. 
Volcanoes  of  icelan^^. 


SECTION  1. 

Introductory  Eemarks. 

IcBLAwDy  perhaps  the  Uliima  Tkuleof  Virgil,  about  two  hundred 
and  sixty  miles  long»  and  two  hundred  broad,  forming  an  extensi?e 
portion  of  the  Danish  dominions,  evinces  in  erery  quarter  a  volcanic 
origin,  and  abounds  in  volcanoes,  sulphur,  subterraneous  fires,  and 
geysers,  or  eruptive  hot  springs.  Its  highest  mountains,  clothed 
with  perpetual  snows,  are  called  Jokuls,  and  of  these  Susfell,  in 
the  south-western  part  of  the  island,  is  the  loftiest,  being  calculated 
at  six  thousand  eight  hundred  and  sixty  feet  above  the  level  of  the 
tea.  Its  principal  rivers  lie  towards  the  east,  some  of  which  are 
white  with  lime,  and  others  tainted  with  sulphur.  Its  calcareoos 
spar  has  been  celebrated  ever  since  the  days  of  Newton  for  its 
double  refraction.  This  remote  and  barren  country  has  been  not 
unfrequently  subject  to  drelidful  mortalities  from  epidemics :  the 
pestilence  of  this  kind  that  depopulated  the  island,  in  the  middle 
of  the  fourteenth  century,  was  called  the  Black  Death ;  and  ac- 
cording to  Cattereau,  a  murrain  in  1784  carried  off  not  less  than 
nineteen  thousand  four  hundred  and  eighty-eight  horses,  six  thou- 
sand eight  hundred  beeves,  and  twelve  thousand  nine  hundred  and 
forty-seven  sheep.  This  account,  however,  seems  too  highly  charged, 
for  it  exceeds  the  general  average  of  the  cattle  of  the  entire  island. 
Since  it  has  appertained  to  the  Danish  crown,  a  colony  endetvoored 
to  ameliorate  its  wretched  situation  by  migrating  to  Greenland, 
about  two  hundred  miles  distant,  and  which  b  now  usually  placed 
in  the  American  quarter  of  the  world;  of  its  success,  however, 
we  know  nothing,  for  the  eastern  coast,  on  which  it  probably 
effected  a  landing,  has  since  been  so  extensively  blocked  up  by  au^ 
menting  sheets  of  ice,  that  the  colony  has  never  since  been  explored. 
— Yet  to  this  wretched  verge  of  the  habitable  globe  was  literature 
compelled  to  retire  in  the  eleventh  and  twelfth  centuries:  here 
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learntog,  driven  at  tliut  period  from  every  olbir  pari  of  Europe, 
flourubedi  poetri^  wascullivaled  :  niiil  liie  niylhology  of  the  norlh- 
em  nations  was  first  reduced  inlo  a  ayatematic  form.  While  feudal 
tyranny,  by  Ihe  blood-shed  and  oppresiiion  to  which  11  every  where 
gave  birth,  retained  the  finest  countries  of  the  civilised  globe  in  a 
state  of  barbarism  :  liberty  and  (Mace,  with  science  and  the  arts  in 
their  train,  took  refuge  in  Ibii  inhospiluble  clime ;  and  found,  on 
Ibe  confines  of  the  polar  circle,  an  asylum  which  the  plains  of  France 
and  Italy  could  not  afford  them ;  a  memorable  example  bow  much 
worse  the  sufferings  are  produced  by  art  than  those  produced  by 
nature.— £i£il(ir. 

SECTION     II. 

Description  of  Hekla, 
By  Sir  GeoRGE  yxEUART  Mackenzie,   Barl, 

We  now  came  into  the  plain  from  which  Hekla  rises;  but  we  had 
110  view  of  the  mountain  as  we  approached,  as  it  was  covered  with 
clouds.  We  pas!>cd  through  lava  which  bad  been  exposed  to  view 
by  the  blowing  of  (be  sand  that  covers  so  great  an  extent  of  this 
country-.  Storuvellir  is  situate  in  the  midst  of  this  tract ;  and  round 
it  there  is  a  great  deal  of  excellent  grass.  Tbc  provost  had  a  large 
■lock  of  old  hay,  which,  without  any  report  in  bis  favour  as  a  good 
rural  economist,  would  have  been  a  sufficient  proof  of  bis  merit. 
He  received  us  with  great  kindness,  but  annoyed  us  a  little  by  the 
excess  of  his  attention  or  curiosity.  The  provost  is  reputed  rich ; 
and  it  is  said  thai  he  has  made  bis  fortune  entirely  by  bis  good  ma- 
nagement of  his  farm,  on  which  we  saw  a  considerable  flock  of 
sbeep,  and  some  cows.  The  winter  provision  of  stock-fisb  kept  in 
■he  church,  was  no  advantage  to  its  atmosphere,  wbicb  can  undergo 
little  purification  :  for  the  windows  of  the  churches,  in  general,  did 
Dot  seem  to  be  made  to  open. 

Tlie  weather  being  slill  foggy,  ne  could  not  see  Hekla  as  we  ap- 
proached. On  tlie  1st  August,  we  passed  through  lava  of  the  same 
description  as  ihat  pervading  every  part  of  this  fiat  district  we  had 
travelled  over.  We  crossed  the  river  called  Wester  Rangaa,  the 
water  of  which  is  perfectly  trausparent,  and  flows  along  the  foot  of 
Hekla,  on  ibe  west  side.  The  bed  of  ihU  river  is  very  reniaikuble, 
being  formed  of  rugged  masses  of  lava,  which  being  here  and  there 
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elevated  in  peak^,  cause  great  rapidity  in  the  stream.  Owing  to  the 
clefts  in  the  lava,  it  is  very  dangerous  to  attempt  crossing  the  river 
at  this  place  without  a  guide.  The  protost  was  very  obliging^  and 
gave  us  instructions  iu  what  manner  to  follow  hiui  across ;  and  as 
soon  as  he  saw  us  safe,  he  took  leave  and  returned  to  Stomvellir. 

On  the  end  of  a  long  ridge,  running  nearly  north  and  south,  close 
to  the  hase  of  Hekla,  is  a  small  farm,  called  Naifurholt.     Here  we 
halted ;  and  the  grass  having  been  recently  mown,  we  found  an  ad- 
mirable station  for  our  tent.    The  cottager,  Jon  Brandtson,  whom 
we  found  to  be  the  most  obliging  and  active  Icelander  we  bad  met 
with,  was  not  long  in  making  his  appearance,  and  minbtering  to  our 
Ivants.     He  told  us  that  he  could  guide  us  to  a  place  where  there 
was  a  great  quantity  of  Iceland  agate,  or  obsidian ;  a  piece  of  infor- 
mation the  most  welcome  we  had  for  a  long  time  received*    That 
substance  was  one  of  the  chief  objects  of  our  miueralogical  re- 
searches ;  and  not  having  before  met  with  it,  we  had  given  up  all 
thoughts  of  seeing  it  in  its  place ;  when  lionest  Brandtson,  observing 
us  employed  with  the  minerals  we  had  already  collected,  brought  a 
mass  of  obsidian  to  us,  and  relieved  us  from  a  most  severe  mortifi- 
cation.   He  told  us  that  the  place  where  he  had  seen  great  qnanti- 
ties  of  that  substance,  was  situate  near  the  TorfaJokul,  and  distant 
a  long  day*s  journey  from  Naifurholt.   Our  time  was  now  limited ; 
but  we  had  no  hesitation  in  making  up  our  minds  to  endure  consi- 
derable fatigue,  in  order  to  visit  a  spot  so  interesting  to  us :  and 
even,  in  case  of  need,  to  relinqubh  the  project  of  ascending  the  far- 
lamed  Hekla ;  and,  accordingly,  we  resolved  to  undertake  thb  ex- 
pedition next  day,  as  the  weather  did  not  appear  favourable  for  the 
ascent  of  the  mountain.    Having  made  preparations  for  both  adven- 
tures, we  went  early  to  bed. 

Finding,  at  two  o'clock  in  the  morning,  that  Hekla  was  entiiely 
obscured  by  fog,  we  mounted  our  horses ;  and  each  taking  a  spare 
one,  we  departed,  Brandtson  leading  the  way.  In  the  course  of 
our  journey,  as  the  clouds  dispersed,  we  had  different  views  of  tbn 
mountain,  which  b  completely  covered  with  slags.  Few  streams  of 
lava  seem  to  have  taken  their  course  on  the  west  and  north  sides ; 
indeed,  we  saw  dbtinctly  only  one.  Hekla,  like  Snaefell  Jokul, 
terminates  a  long  group  of  comparatively  low  hills.  Viewed  from 
the  westward,  when  Eya6alla,  Tinfialla,  and  other  Jokuls  beyond 
it  are  in  sight,  the  moimtain  makes  no  great  figure ;  but  from  the 
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ra»t  aoiJ  muIIi,  it  appean  to  rise  out  of  tbe  liLlls  surrouiidiug  it,  u^ 
ii  \ciy  conspicuous. 

Our  roatJ  tnuarila  tbe  obsidian  U)  betweeo  Ili«  Rangaa  aod  ibe 
Tliionaa,  llie  course  of  wliidi  is  neatly  rrom  norlh-cust  to  suulb* 
west.  Tbis  la^l-ineulioned  river  bere  rolls  its  large  lutbiil  stream 
overntgged  masses  itTlava  ritin^  abruptly  from  ils  bed;  and  in  its 
efforts  lu  overcome  the  obstruction  thus  occasioned,  ddsbes  among 
lb«  iock«,  foniiiog  imperuoui  rapids  aod  falls.  Gre ul  quaulilies  of 
aUuvitil  saud  appeared  dihpo^d  in  sinta  iu  didi^reut  pans  of  Ibe 
couiilry  tbrougb  ubicb  we  pas^d  ;  aud  in  otUtr  places  Ibere  were 
cs(«iuive  accuumlaliuDS  of  volouuc  sand  composed  of  pumice  and 
cioden, 

Having  recros»cd  tbe  Rangaa,  we  entered  a  wide  plain,  boundid' 
by  Hakla  and  tbe  adjacent  niouulBins  ou  one  side,  aud  by  a  lofl^< 
precipitous,  and  broken  ridge  on  tbe  otber,  (lie  surface  being  coiai> 
pletelj  covered  witb  lava,  sand,  or  minute  fiagmenis  of  icoriK  t 
}iumice.  Tbe  lava  wbicb  bas  flowed  over  Ibe  plam,  tbe  leniiioai: 
ot'  wbicb  we  could  not  sec,  appears  to  Uave  been  temarliably  rou^, 
froui  tbe  numerous  sl)arp-|Kiinied  maucs  riling  out  of  tbe  looie  saad 
snd  sla'<,  the  accumulaliou  of  wliicli  lias  rendered  it  passable.  Wc 
travelled  about  fourteen  miles,  Judging  of  the  distance  by  the  time 
our  journey  occupied,  and  then  liahed  at  tbe  foot  of  a  large  mass  of 
lava,  aud  changed  our  liorses ;  stopping  no  longer  than  was  ne- 
oetsar;  for  shtfibg  our  saddles.  The  subsequent  part  of  our  route 
tiiDugb  still  through  an  extremely  desolate  country,  was  rendered 
jnore  easy  by  the  absence  of  lava,  aud  somewhat  less  forbidding 
by  the  appearance  of  thinly -scattered  vegetation  on  the  vallies,  and 
«n  the  sides  of  some  of  tlie  hills.  Ere  long  we  found  ourselves  ia- 
cIcHted  in  a  hollow  among  tbe  mountains,  from  which  there  was  no 
jtpparent  outlet ;  but  following  ihe  iiepa  of  our  guide,  we  pursued 
M  winding  courMj  passing  through  a  number  of  rivulets  of  ver^ 
Alikk  muddy  wat<^r  which  procveded  from  under  tlie  snow  on  the 
mountains*. 

As  we  went  along  we  observed  several  craters  ia  low  situations, 
Aoni  which  flume  and  ejected  matter  bad  proceeded  during  tbe  cou- 
vuUifffls  to  which  this  purt  of  llic  island  has  been  particularly  snb> 

*  Ejilcnsive  nuttoof  ctnysre  ODl  I 
wherr  IbrrvBrc  hoi  ^priiip.  or  v>  tic  re 
fiH  the  peculiar  ruluur  af  mod  ur  the  I 
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jected.  After  having  advanced  about  fifteen  miles  farther,  tod 
traversed  a  part  of  that  iniiuense  waste  which  forms  the  interior  of 
Iceland,  and  is  partially  known  only  to  those  who  go  in  search  of 
strayed  sheep>  we  descended  by  a  dangerous  path  into  a  small  val- 
ley, having  a  small  lake  in  one  comer,  and  tlie  extremity  opposite  to 
us  bounded  by  a  perpendicular  face  of  rock  resembling  a  stream  of 
lava  in  it#  broken  and  rugged  appearance.  While  we  advanced,  the 
sun  suddenly  broke  through  the  clouds,  and  the  brilliant  reflectioii 
of  his  beams  from  different  parts  of  this  supposed  lava^  as  if  from  t 
surface  of  glass,  delighted  us  by  an  instantaneous  cotitictioay  that 
we  had  now  attained  one  of  the  principal  objects  connected  with  the 
plan  of  our  expedition  to  Iceland.  We  hastened  to  the  spot,  aad 
all  our  wishes  were  fully  accomplished  in  the  examination  of  an  ob* 
jcct  which  greatly  exceeded  the  expectations  we  had  formed.  Tbs 
muieralogical  facts  which  here  presented  themselves  to  oor  notiGC^ 
will  be  described  in  a  subsequent  chapter* 

On  ascending  one  of  the  abrupt  pinnacles  which  rose  out  of  tks 
extraordinary  mass  of  rock,  we  beheld  a  region,  the  desolatioii  of 
which  can  scarcely  be  paralleled.  Fantastic  groups  of  hills,  cratcn^ 
and  lava,  leading  the  eye  to  distant  snow-crowned  Jokuls ;  the  buC 
rising  from  a  waterfall ;  lakes  embosomed  among  bare,  bleak  mo«iih 
tains ;  an  awful  profound  silence ;  lowering  clouds ;  marks  A 
around  of  the  furious  action  of  the  most  destructive  of  elemeats; 
all  combined  to  impress  the  soul  with  sensatrons  of  dread  and  woih 
der.  The  longer  we  contemplated  this  scene,  horrible  as  it  was,  tke 
more  unable  we  were  to  turn  our  eyes  from  it;  and  a  considefaUe 
time  elapsed,  before  we  could  bring  ourselves  to  attend  to  the 
business  which  tempted  us  to  enter  so  frightful  a  district  of  tfae 
country.  Our  discovery  of  obsidian  afforded  us  very  great  pki- 
surc,  which  can  only  be  understood  by  zealous  geologbts ;  and  wc 
traversed  an  immense  and  rugged  mass  of  that  curious  sobstaace^ 
with  a  high  degree  of  satisfaction ;  though  various  ciiviUDStaDcei 
prevented  our  tracing  it  so  fully  as  we  wished. 

Towards  the  east,  at  the  distance  of  three  or  four  miles,  we  ob- 
served a  very  large  circular  hollow,  the  sides  of  which  were  chieij 
of  a  bright  red  colour ;  from  which  circumstance,  and  its  gentnl 
appearance,  we  concluded  that  it  was  the  crater  of  an  extinct  vol- 
cauo.  The  waterfall,  the  noise  of  which  we  distinctly  heard,  tboi|ii 
at  the  dbtance  of  several  miles,  was  formed  by  the  l^maa»  a  iufi 
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titeft  whicb  takes  its  count  id  ihis  part  of  the  couiitr7,  and  joiB^ 
iIm  I  fiionaa. 

BrandtMin  lold  us  thai  he  had  never  lieea  tarlher  in  this  diree*  I 
lioa ;  and  pointed  oui  to  us  lite  Sprang^  Sands,  a  vast  plain,  coa>   I 
•isting  of  Toloiiiic  initller,  wtiicb  is  stretched  over  a  great  pari  of 
thoK  iiihns|)itahli-  regions  already  nieuiioued.    Numeruus  ol>atacle9 
present  themselves  to  anv  person  who  may  think  of  eiileriug  (his 
dreadful  cotintry.  aniKtig  which  the  want  of  food  for  bones  is  (b^ 
principaJ.     The  rivets,  lakt-i,  streams  of  lava,  all  the  burrora  of  ■ 
uature  combined,  oppose  every  desire  tu  penetrate  into  these 
kiMtwn  dUlricis  ;  and  tlje  suprrstittoas  dread  in  which  they  are  h 
by  lb«  natives  Is  readily  excused,  tb«  instant  they  are  seen,  e 
from  a6ir.     We  saw  the  lake  called  Fiike  Vatn,  and  the  summiis  of  ^ 
several  Jokuls,  in  the  di»tance,  which  will  be  more  parlicularljr  I 
noticed  afterwarda,  at   we  observed  them  more  dt^linclly  tro^  ' 
aiiutiier  station. 

Before  we  had  satisfied  our  curiosity,  rain  fell  in  torrcntu,  am|  I 
continued  (u  do  so  for  an  lionr  or  two.    We  had  not  proceeded  fu  1 
on  our  return  to  Naifurboll,  when  it  ceased,  and  wus  succeeded  bji  i 
■  very  thick  fog,  through  which  Brandtson  guided  u»  >alcly  ;  i 
we  reached  our  tenU  soon  after  twelve  o'clock  at  nJt;ht,  baring 
been  absent  tweuty-two  hours,  during  seveoteeD  of  which  we  were 
on  horseback. 

Afler  the  fatigue  wc  bad  undergone  in  our  excursion  towards  the 
Torfa  Jokul  in  search  of  obiidian,  we  did  not  expect  to  find  our- 
selves sufficieutly  refreshed  to  ntlempt  ascending  Mount  Ilekia  on 
the  following  day  :  but,  as  we  had  l>een  long  in  the  constant  tiabit 
of  enduring  daily  bardshipa,  we  rose  at  au  early  hour  on  the  third 
af  August,  quite  alert :  and,  on  seeing  the  whole  of  the  niounlain 
free  from  clouds,  we  were  soon  ready  to  lini»h  our  labours,  by  ss- 
ccnding  Hekia,  and  attaining  the  summit  of  a  mountain  whose  fame 
bss  spread  to  every  quarter  of  the  world.  At  ten  o'clock,  we  were 
ready ;  and  Brandtsou  having  collected  our  horses,  we  mounted 
Ihem,  and  began  our  expedition  under  circumstances  as  favourable 
»  we  could  wish.  We  rode  through  sand  and  lava  about  three 
niles,  when  the  surface  became  loo  rugged  ;^d  steep  for  horses. 
Our  guide  proposed  leaving  the  puor  animals  standing  till  we  re- 
turned ;  but  though  they  would  not  have  ttined  from  the  spot,  we 
k  Mat  ifrfH  back,  not  cbusing  that  sucb  valuable  aud  steady  servants 
30  3 


4d£  tOLCANIC    EltU^TIOK*   IN    IC£LA1ID. 

thould  remaio  a  whole  da^  without  food.  We  now  procc^eded  « 
considerable  way  along  the  edge  of  a  stream  of  lava,  and  thea 
crossed  it  where  it  was  not  Tery  broad,  and  gained  the  foot  of  the 
9oath  end  of  the  mountain.  From  this  place  we  saw  scTerah  motnts 
and  hollows  from  which  the  strei/^s  oflara  below  appeared  to  have 
flowed.  White  we  had  to  pass  over  rugged  lava,  we  experienced  ao 
great  difiicatty  in  advancing;  but  when  we  arrived  at  tlie  steepest 
part  of  the  mountain,  which  was  covered  with  loose  slags,  we  some- 
times lost  at  one  step,  by  their  yieldmg,  a  space  that  had  beca 
gained  by  several.  In  some  places  we  saw  collections  of  black 
sand,  which,  had  there  been  any  wind,  might  have  proved  extrendy 
fronblesome.  The  ascent  now  became  very  steep,  but  tlie  rougfanesi 
of  the  surface  greatly  assisted  us. 

Before  we  had  reached  the  first  summit,  clouds  surrounded  ag^ 
and  prevented  our  seeing  farther  than  a  hm  yards.  Placii^  implicit 
con6dence  in  our  guide,  we  proceeded,  and  having  attained  what  wt 
thought  was  the  nearest  of  the  three  summits,  we  sat  down  to  refresh 
ourselves,  when  Brandtson  told  us  that  he  had  never  been  higher 
up  the  mountain.  The  clouds  occasionally  dividing,  we  saw  thirt 
we  had  not  yet  reached  the  southern  summit.  After  having  passed 
a  number  of  fissures,  by  leaping  across  some,  and  stepping  aloag 
masses  of  slags  that  lay  over  others,  we  at  last  got  to  the  top  of 
the  first  peak.  The  clouds  now  became  so  thick,  that  we  began  to 
despair  of  being  able  to  proceed  any  farther.  Indeed  it  vras  dan- 
gerous even  to  move ;  for  the  peak  consists  of  a  very  narrow  ridge 
of  slags,  not  more  than  two  feet  broad,  having  a  precipice  on  eadi 
aide  many  hundred  feet  high.  One  of  these  precipices  forms  tlii 
side  of  a  vast  hollow  which  seems  to  have  been  one  of  the  craten. 
At  length  the  sky  cleared  a  little,  and  enabled  us  to  discover  a  ndgt 
below,  that  seemed  to  connect  the  peak  we  were  on  with  the  middle 
one.  We  lost  no  time  in  availing  ourselves  of  this  opportimity,  wad 
by  balancing  ourselves  like  rope-dancers,  we  succeeded  in  passiof 
along  a  ridge  of  slags  so  narrow  that  there  was  hardly  room  for  our 
feet.  After  a  short,  but  very  steep  ascent,  we  gained  the  highest 
point  of  this  celebrated  mountain. 

We  now  found  that  our  usual  good  fortune  had  not  yet  foraakea 
us ;  for  we  had  scarcely  begun  to  ascend  the  middle  peak^  when  tfao 
iky  became  clear,  aud  we  had  a  full  view  of  the  surrounding  countiy. 
Towards  the  north  it  b  low,  except  where  a  Jdkul  here  and  thefc 
towers  into  the  regions  of  perpetual  snow.    Several  large  lakes  ap- 


pUTcd  in  itifiiTenI  places  and  among  them  l)i«  Fitke  Vain  was  the 
aunt  cunspiruoui.     In    Ihii   iliicction   we  «)>»    ncurly   (tfo-tliirdf 
■croH  (be  isbad.     Th«   Blsfcll  and  tlie   Laiige  Jobul),  stretched 
IbetmHves  io  Ibe  dislaiice  to  a  grcut  eiLlcnl,  prr»eii[ing  ibe  appear- 
ance of  ennnnans  masses  ol'  siiot^  heaped  up  uu   Ibe  plains.     Tlx 
Skaplar  Jokul,  whence  (he  great  eruption  that  took  p\nee  in  liie  year 
17^3  bnike  forth,  bounded  the  view  towards  tbc  iiorlh-rasL     It  is 
a  large,  extensive,  and  b>ftv  inouatain,  and  appeared  to  be  covered 
»ilb  snow  to  the  very  base.     On  tbe  siile  nest  to  us,  ibougli  at  a 
distance  of  nbout  forty  miles,  we  pliiiui>  discerned  a  black  couicat 
bill,  which  very  probjbly  may  be  one  o(  ibc  craler^  Ihai  were  fonrwcl 
during  the  truplion.     Hie  Torfa,  TinHalla,  aixl  EyaAalla  Jokuli^ 
limit  the   view  of  ibe  eastern  part  of  itie  country.     Towards  tbtf-l 
(uutli,  the  great  plain  we  had  parsed  liirough  seemed  as  if  stretchMl<  J 
under  our  feet,  and  was  bounded  by  tbe  sea.    The  same  vnlley  wat  1 
temiinaled  towards  llie  (vest  by  a  range  of  cnrioii^lj-peaked  inouD^  j 
tains,  iboEe  iu  tbe  neij^bbourliood  of  Thing  valla,  iind  Io  the  norlli  and  f 
west  of  tile  Geysers. 

Tlie  middle  peak  of  llikia  fomis  one  6ide  of  a  hollow,  wliicif  | 
coulaius  a  large  mass  of  snow  at  ihe  bottom ;  and  b  evideutiy  auo-'  1 
llicr  crater.  Tbe  whole  gnmniit  of  ilie  mountain  is  a  ridge  of  !ilag%  ,1 
and  the  hallows  on  each  side  appear  to  have  boeii  so  ninny  difierent  1 
vents  from  which  the  eruption;  iiave  from  time  Id  lime  issued.  Wr  I 
Mw  no  indications  that  lava  had  fluwvd  from  ihe  upper  part  of  ihtf  I 
jtiountain;  bul  our  examination,  from  the  frequent  recurrence  of  J 
fog,  was  unavoidnbly  conliiied. 

After  we  bad  satislieit  ourselves  in  surveyiu"  the  suirounding  1 
country,  we  began  to  collect  spectraeiis  of  the  slags,  and  perceived'  4 
■ome  of  Ibem  to  \>e  warm.  On  removing  some  from  the  surface  I 
we  found  those  below  were  loo  hot  to  be  hnndled ;  and  on  placing'  j 
■  thermometer  amongst  them,  it  rose  to  14-1°.  The  vapour  of  wata  i 
■tceiided  from  several  parts  of  Ihe  peak.  It  had  been  remarked  to 
ns  by  many  of  Ihe  inhabitants,  that  there  was  less  snow  on  Hekia  at  | 
ibis  lime  than  bad  been  observed  for  many  years.  We  supposed* 
therefore,  that  the  heat  now  noticed  might  be  Ihe  recommencement  j 
of  activity  in  the  volcano,  rather  than  Ihe  remaining  efiects  of  the  ' 
last  eruption  which  took  place  in  tbe  year  1763. 

The  craler,  of  which  tbe  highest  peak  forms  a  part,  does  not 

pnuh  Mcccd  a  buudred  f«et  in  depth.    Tba  bottom  ii  filled  by  ■ 

Sea 
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large  mass  of  snow,  in  which  various  caverns  had  been^  formed  by 
its  partial  melting.  In  these  the  snow  had  become  solid  and  trans* 
pareoly  reflecting  a  blubh  tinge ;  and  their  whole  appearance  was 
extremely  beautiful,  reminding  us  of  the  description  of  magic  palaces 
in  eastern  tales.  ^ 

At  the  foot  of  the  mountain,  the  thermometer  at  half  past  nioc 
o'clock  stood  at  59^.  At  eleven,  it  was  at  55^,  and  at  four,  on  the 
top,  at  39^. 

Our  descent  was  greatly  retarded  by  thick  fog ;  and  we  found 
it  much  more  hazardous  than  the  ascent.  We  missed  our  way  and 
were  under  the  necessity  of  crossing  the  lava  we  bad  passed  in  our 
,  way  up,  at  a  place  where  it  had  spread  to  a  much  greater  breadth, 
and,  from  the  rapidity  of  the  slope  along  which  it  had  flowed,  had 
become  frightfully  rugged. 

Mount  Hekla  has  acquired  a  degree  of  distinction  among  volca- 
noes, to  which  it  does  not  seem  to  be  entitled.  It  is  far  behind  Etna 
and  Vesuvius,  both  iu  the  frequency  and  magnitude  of  its  eruptioui 
We  could  not  distinguish  more  than  four  streams  of  lava ;  three  of 
which  have  descended  on  the  south  and  one  on  the  north  side ;  bat 
there  may  be  some  streams  on  the  east  side,  which  we  did  not  see. 
The  early  eruptions  of  this  mountain  do  not  seem  to  have  been  re- 
gularly recorded.  Olafson  and  Paulson  say,  that  afler  carefol 
research  they  found  that  tlie  number  of  eruptions  amounted  to 
twenty  two ;  and  none  are  recorded  as  having  happened  before  the 
year  1004.  There  were  eruptions  in  the  years  1 137,  1222,  130Q, 
1341,  1362,  1389,  1^38,  1619,  1636,  and  I693.  Flames  appeared 
in  the  neighbourhood  in  1728.  In  1554,  there  were  eruptions  from 
the  mountains  to  the  eastward  ;  and  in  1754,  flames  burst  out  to  the 
westward.  From  the  mountain  itself,  no  eruption  took  place  be* 
tween  the  years  1693  and  17 66,  an  interval  of  seventy-three  yean; 
and  during  this  last  period  of  activity,  no  lava  was  thrown  out 
The  following  year,  flames  broke  out  afresh,  and  the  mountain  was 
not  perfectly  quiet  in  the  year  1768  :  since  that  time  it  has  re- 
mained inactive.  We  had  no  opportunity  of  measuring  the  height 
of  Mount  Hekla ;  but  we  have  been  informed  by  Sir  J.  Stanley  Umt 
the  elevation  which  resulted  from  his  observations^  was  4^300 
feet,  and  this,  from  diflerent  circumstances,  we  believe  to  be 
correct. 

In  the  year  1755,  a  terrible  eruption  proceeded  from  the  inoap- 
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Klin  calkH  Kntllasiau  Jokul,  wliicli  \s  situate  to  tlie  easlwanl  of 
EjaSatU.  Fmiii  tlie  ■croliiils  nf  this  eruplion.  It  linei  ixil  u)>peaT 
tfaal  aoy  lava  flowed  ;  but  tttitnense  lortents  or  water  carried  de< 
■IruclioD  before  llieni  ihrougb  the  iteiglibouriri^  couiilr;  ;  and 
igniled  itonc^  and  aslics  were  throwu  in  all  directions.  Tbe  dec* 
bkal  phsnoDiena  that  accoiiipanieil  Ihts  eruption,  seem  to  hare  been 
v«rf  tremeuduus;  several  people  au<l  cattle  having  been  killed  by 
the  ligbluing.  Tbe  mountain  conliuueil  in  a  stnte  of  violent  acti- 
vity during  a  whole  moiilb ;  anit,  iudeed,  it  may  be  said  to  bave 
been  ao  during  a  wbole  veur ;  for,  between  Januan'  and  September 
of  the  year  172ti.  five  different  eruptions  took  place.  We  heart!  a 
Kport,  llial  early  iu  the  summer  the  iiibabilaiits  in  tbe  neigbbonr- 
bood bad  some reaM>n  loapprebeu'l  an  inipendJngeru|)(iou:  but  we 
could  get  no  diiliuct  account  of  ibe  symptonw  tbat  had  been  ob- 
■erved.  The  earliest  erupiion  of  Kattlapau,  appears  to  bave  bap> 
pened  altout  the  year  (00:  and,  »itice  that  period,  to  tbe  great  utie 
in  I7A5,  only  fife  have  occurred. 

Il  is  mentioned,  in  the  history  of  Icdnnd  during  the  eij^bieenih 
century,  thai  an  eruption  took  place  from  Ejrefa  Jokul,  in  Oie  boulh- 
cast  |Hirt  uf  Hie  island,  in  the  year  1720;  and  mie  from  tlic  lake  of 
Orimsvatn  in  the  year  ITlG*- 

In  the  north-east  quarter  nf  IcvTaiu),  near  a  targe  lake  called 
ilyvatn,  is  Mount  Knbla,  which  became  rcmarkHlile  by  dreadful 
. eruptions  of  lava  that  prnceeded  from  il  between  the  ycar^  1/34 
.Bltd  1730.  Some  nf  ihe  streams  of  lava  lluwcd  into  the  lake,  de- 
,«troycd  Ibe  fish,  and  almost  dried  it  up.  There  were  eruptions  also 
from  Ihe  momitains  round  knibla;  and  an  extensive  diitrict  of 
.inhabited  country  was  laid  wuste.  At  u  place  called  Reikinhlid, 
•Mr  Krabia,  sulphur  is  fuuiid  in  the  same  circumstances  as  that  at 
iXirisuvik,  but  in  larger  quanlities.  Il  was  from  the  farmer  place 
'thai  most  of  tbe  sulphur  brought  from  Iceland  was  exported. 
In  the  year  1000,  an  erupiion  louk  place  in  ihe  Gtildbriiig^  Sysse). 

■  I  mm  natrrtaln  of  Ihe  pinitlup  of  llib  laki:  There  ii  only  one  at  Ih* 
,fatar  which  1  could  find  marked  on  ibe  ma\H  of  Icrlnni).  bnl,  from  Ibe 
•Ircmnitance  of  all  ihr  mnsl  rrrenl  rrupliaru  haviug  [irocpt^led  from  Ihe 
IflaalherD  par<  at  (he  iiJBniJ,  I  luspei'i  ih.lL  Ihrre  may  be  a  Inlir  of  the  slma 
iaame  MHNewhere  lolheeulward  oF  Mnrknrflio'l  i  and,  tiace  my  relurDhamr, 
Il   hate  receired  inch  iafonnatinn  ai  Icadi  me  In  belrete  ny  ciinjcclarf 
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Another  broke  out  near  Reikianes  iu  tlie  year  1S40;  and  ant 
is  said  to  have  beta  seen  at  a  great  distance  in  the  sea,  in  the  ^ear 
1583,  similar  to  tliat  which  was  observed  preceding  the  great 
eruption  of  1783. 

The  total  nomber  of  recorded  eruptions  appears  to  be  the  fol- 
lowing : 

From  Hekla,  since  the  year        -        -         1004,  inclusiYe  -  22 

From  Kattlagiao  Jokul      «        .        .          poo,  -  7 

From  Krabia,            •        .        .        •        1724,  -  4 

In  different  parts  of  the  Guldbring^  Syssel  1000,  •  3 

At  sea,    -        r       -         -        -        -         1583,  •  3 

From  the  lake  Grirosvatn,  in      •        -         1716,  -  1 

From  Eyafialla  Jokul  *  in           •        -         1717,  -  | 

From  Eyrefa  Jokul,  in       -        *        •         1720,  •  i 

From  Skaptar  Jokul,  in      -        -        -        1783,  •  1 

42 

In  chronological  order,  the  different  eruptions  mentioned  by  Ice* 
laiidic  authors  stand  recorded  thus:  In  the  years  900,  1000^  llH 
1137,  1222.  1300,  1340,  1341,  1362,  1389,  1422,  1538  (Vesoviw 
erupted  the  same  year),  1554  (Etna),  1583,  1619,  1636  (EXjn\ 
1693  (Vesuvius,  1692;  Etna,  169*1),  17 16,  1717  (Vesuvius), 
1720,  1/24,  1728,  1730  (Vesuvius),  1754 (Vesuvius),  1755  (Etna), 
175(),  1766  (Etna  and  Vesuvius),  I771,  and  1772,  flames  seen  00 
Hekia;  1783.  Thus  it  appears,  that  many  of  the  eruptions  that 
are  known  to  have  taken  place  since  Iceland  was  inhabited,  hare 
nof  been  particularly  noticed  ;  and  it  is  ver}'  probable,  that  nume- 
rous eruptions  of  less  note  have  been  passed  over.  We  may  reckon 
active  all  those  mountains  which  have  burned  within  the  last  cen* 
tury.  Of  these  there  are  six ;— Hekia,  Krabia,  Kattlagiau,  Eyafialla, 
Eyrefa,  and  Skaptar,  Jokuls. 

The  most  recent  eruption  that  took  place  in  Iceland  seems  also  to 
liave  been  the  most  awfuL    It  proceeded  from  the  low  conntiy  near 


•  This  mouDtain  is  often  called  Oster  Jokal  (eastern  Jokul),  ia  coBtradis« 
.tinction  to  Snaefell  Jokal,  which  is  called  western.  The  eraptioeof  ihecaslfn 
Jokul  in  1717,  and  the  one  from  Grimsvatn,  are  recorded  by  Mr.  fitepbeaio*  if 
his  History  of  Iceland  during  the  eighteenth  century. 
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iIm  Sliu|iUr  Jokiit  'n>  tbe  year  I7S3.  Mr.  Stepliemon  of  Indrebolm 
tvai  ortlLTcit  bv  ilic  Kiug  of  Drnmaik  to  proceed  froni  Cojieiihag«ii. 
Klierc  he  lia|ipencd  to  be  during  tbe  eruptiun,  and  to  visit  ibe  dis< 
Irici,  thnt  bia  Muji-sly  tnigbt  be  eimblcd  tn  alleviate  tbe  dulre»Mi 
oCFR.sionect  by  tite  eruption.  Tbal  gentleman  bas  piiblisbcd  a 
laboured  account  of  tbe  wbole ;  but,  allliougb  tbcre  is  no  doubt  of 
Ibe  eruption  baving  been  one  of  the  most  Ii^rrible  in  ibe  annals  of 
volcanoes,  be  seems  lo  have  depended  loo  much  on  reports  and  in* 
fomialiun,  wbicb  sppear  lo  be  exaggrrdled.  He  bimself  lold  us, 
that  tbe  lava  was  so  bot  al  tlie  time  be  approacbed  it,  wbicli  vn 
about »  ynr  atler  Ibe  eruption,  that  it  could  nut  be  examined,  and 
(hat  it  bus  never  been  traced  lo  its  source.  Anolliei  account  bai 
been  written,  ubicb,  from  wbat  we  heitrd  in  Icebnd,  is  Ibe  most 
Forrecl.  It  is  to  be  lamented  thai  tbe  present  state  of  tbe  Icelandic 
pre»,  prevents  lis  being  given  to  tbe  public  *. 

The  whole  tract  belweeti  Ilekla  and  Krubln  is  a  desert  quite  im- 
passable and  unknown  ;  and  there  is  still  subsisting  a  ridiculoui 
notion  that  it  is  inhabited  by  a  tribe  of  robbers.  Did  such  people 
reallj  eiist,  and  did  they  know  the  dread  which  ibey  inspire,  they 
might  easily  procure  more  comfortable  ciuarlcrs. 

No  single  volcanic  mountain  which  we  saw,  appeared  to  have 
thrown  out  niucb  lava.  Probably  this  has  been  owing  to  the  vast 
numberof  apertures  which  have  given  vent  lu  the  rage  of  subterra- 
neous lieat.  In  other  countries,  where  it  has  for  ages  continued  to 
'  explode  from  one  or  two  mountains,  the  lava  is  confined  lo  one 
(Haee,  and  is  abundant. 

There  is  no  country  in  tbe  known  world  where  volcanic  em pt ion* 
liave  beva  so  numerous  as  in  Iceland,  or  have  been  spread  over  so 
large  a  surface.  No  part  of  tbe  island  is  wholly  free  from  Ibe  marks 
of  volcanic  agency ;  and  it  may  be  truly  called  the  abode  of  subter- 
raneous beat.  Various  volcanic  mountains  and  streams  of  lava,  are 
mentioned  as  existing   in  the  eastern  and  norlbem  districts,  by 

«  I  laie  Bcci dentally  procured  a  iihi|i,  wlilcli  n|ipc.iri  to  have  bFlongri]  in 
•oine  docriplion  of  ihii  dreadful  event,  aiut  by  which  il  appran,  Uial  llie  lain 
bunt  OBI  al  three  dlfTerent  poinls  atMMl  eiiM  or  nine  miles  diiUnl  fron  euh 
Mker.  and  tpread  in  «iae  jilacea  In  n  bn«dlh  of  (birlf  nilei.  The  ealrnl  rtom 
Dortb  to  soulh  at  far  n»  ilie  lava  tecmi  lo  have  been  obwrred,  U  upward*  of  forlj 
inilti,  and  il  is  known  lu  hure  flawed  much  brtlier  t   though  it  has  oot  bcea 
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Eggart  OlafsoQ,  in  his  Enarrationet  Historic^  de  Naimra  el  CvuA' 
{uiume  hlandta.  In  the  north  west  quarter,  in  the  diktiirt  €»f  lia- 
fiord^  the  re  is  a  volcanic  uiountaio  cBUeii  Giama,  which  lie  descnbet 
as  rivalling  the  magnitude  of  the  Snsefell  Jokul.  Thus  it  a|»pean 
that  the  foice  of  ^uhterraiieoiis  tire  has  been  exerted  iip«>u  every 
part  of  Uiis  extensive  islam! ;  and  v^hen  we  considei  the  eni{>tioiis 
that  have  been  seen  at  a  distunce  iii  the  sea,  we  are  safe  iu  esti* 
mating,  that,  in  this  part  of  the  earth,  one  continued  surface  of  not 
less  than  sixty  thousand  square  mih^  has  been  subjected  to  that  eo* 
fine  of  destruction. 

[Sir  George  Macien%ies  Travels  in  the  bland  oflcgJandi 

6ISCT10N  III, 

Sulphur  Mountains. 

[B.Y  the  Same.] 

Having  taken  an  early  breakfast,  we  set  out  towards  the  Sulfrfrai 
Mountain,  which  is  about  three  miles  distant  from  Krisuvik.  At 
the  foot  of  the  mountain  was  a  sniuU  bank  composed  chiefly  of  white 
day  and  some  sulphur,  from  all  parts  of  which  steam  issued.  Aft* 
tending  it,  we  got  upon  a  ridge  immediately  above  a  deep  bdk)w« 
firom  which  a  profusion  of  vapour  arose,  and  beard  a  confused  ooee 
of  boiling  ;ind  splashing,  joined  to  the  roaring  of  steam  escaping 
from  narrow  crevices  in  the  rock.  This  hollow,  together  with  the 
whole  side  of  the  mountain  opposite>  as  far  up  as  we  could  see,  was 
covered  with  sulphur  and  clay,  chiefly  of  a  white  or  yellowish  co- 
lour. Walking  over  this  soft  and  steaming  surface  we  found  to  be 
very  hazardous;  and  we  were  frequently  very  uneasy  when  the  va- 
pour concealed  us  from  each  other.  The  day,  however,  beuig  diy 
and  warm,  the  surface  was  not  so  slippery  as  to  occasion  much  nik 
of  our  falling.  The  chance  of  the  crust  of  sulphur  breaking,  or 
the  clay  sinking  with  us,  was  great ;  and  we  were  several  tiroes  iq 
danger  of  being  much  scalded.  Mr.  Bright  ran  at  one  time  a  great 
hazard^  and  suffered  considerable  pain  from  accidentally  plunging 
one  of  his  legs  into  the  hot  clay.  From  whatever  spot  the  sulphur  ii 
renu>ved,  steam  instantly  escapes;  and,  in  many  places,  the  lul* 
phur  was  so  hot  that  we  could  scarcely  handle  it.  From  the  smell, 
we  perceived  that  the  steam  was  mixed  with  a  small  quantity  of  sul- 
phurated hydrogen  gas.  When  the  thermometer  was  sunk  a  few 
inches  into  the  clay,  it  rose  generally  to  withui  a  few  degrees  of  the 
boilmg  poinU    By  steppug  cautiously,   and  avoiduig  every  littl^ 
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liole  firom  which  iteam  issued,  we  soon  discovered  how  far  we  might 
▼enture.  Our  good  fortuoe,  however,  ought  not  to  tempt  any  per-  . 
son  to  examine  this  wonderful  place,  without  being  provided  with  two 
boards,  with  which  every  part  of  the  banks  may  be  traversed  in 
perfect  safety.  At  the  bottom  of  this  hollow  we  found  a  cauldron 
of  boiling  mud,  about  fifteen  feet  in  diameter,  similar  to  that  on  the 
top  of  the  mountain,  which  we  had  seen  the  evening  before ;  but  this 
boiled  with  much  more  vehemence.  We  went  within  a  few  yards  of 
it,  the  wind  happening  to  be  remarkably  favourable  for  viewing  every 
part  pf  this  singular  scene.  The  mud  was  in  constant  agitation,  and 
often  thrown  up  to  the  height  of  six  or  eight  feet.  Near  this  spot 
was  an  irregular  space  filled  with  water  boiling  briskly.  At  the  foot 
of  the  hill,  is  a  hollow  formed  by  a  bank  of  clay  and  sulphur,  steam 
rushed  with  great  force  and  noise  from  among  the  loose  fragments  of 
lock. 

Further  up  the  mountain,  we  met  with  a  spring  of  cold  water, 
a  circumstance  little  expected  in  a  place  like  this.  Ascending  still 
higher,  w6  came  to  a  ridge  composed  entirely  of  sulphur  and  clay, 
joining  two  summits  of  the  mountain.  Here  we  found  a  much 
greater  quantity  of  sulphur  than  on  any  other  part  of  the  surface  we 
bad  gone  over.  It  formed  a  smooth  crust  from  a  quarter  of  an  inch 
to  several  inches  in  thickness.  The  crust  was  beautifully  crystallized, 
and  immediately  beneath  it  we  found  a  quantity  of  loose  granular 
sulphur,  which  appeared  to  be  collecting  and  crystallizing  as  it  was 
sublimed  along  with  the  steaui.  Sometimes  we  met  with  clay  of  dif* 
ferent  colours,  white,  red,  and  blue,  under  the  crust ;  but  we  could 
aot  examine  this  place  to  any  depth,  as,  the  moment  the  crust  was 
removed,  steam  came  forth,  and  proved  extremely  annoying.  JVe 
firand  several  pieces  of  wood,  which  were  probably  the  remains  of 
planks  that  had  been  formerly  used  in  collecting  the  sulfihur,  small 
eryitals  of  which  partially  covered  them.  There  appears  to  be  a 
constant  sublimation  of  this  substance ;  and  were  artificial  chambers 
constructed  for  the  reception  and  condensation  of  the,vapours,  much 
of  it  might  probably  be  collected.  As  it  is,  there  is  a  large  quantity 
on  the  surface ;  and,  by  searchmg,  there  is  little  doubt  that  great 
stores  may  be  fotmd.  The  inconvenience  proceedmg  from  the  stream 
issuing  on  every  side,  and  from  the  heat,  is  certainly  considerable ; 
bnt,  by  proper  precautions,  neither  would  be  felt  so  much  as  to 
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fender  the  collection  of  the  sulphur  a  matter  of  any  great  difliailty, 
Tlie  chief  obstacle  to  working  these  mines,  is  their  distance  from  i 
port  whence  the  produce  could  be  shipped,  Bnt  there  are  so  many 
horses  in  the  country^  whose,  original  price  is  trifling,  and  whose 
maintenance  during  summer  costs  nothing,  that  the  cooveyance  of 
fulphur  to  Reikiavik  presents  no  difficulties  which  might  not  pro- 
bably be  surmounted. 

Below  the  ridge  on  the  ^rther  side  of  this  great  bed  of  sulphnri 
we  saw  a  great  deal  of  vapour  escaping  with  much  noise*  We  crossed 
to  the  side  of  the  mountain  opposite,  and  found  the  surface  suffi- 
ciently Arm  to  admit  of  walking  cautiously  upon  it.  We  iiad  now 
to  walk  towards  the  principal  spring,  as  it  is  called.  Thb  was  a 
task  of  much  apparent  danger,  as  the  side  of  the  mountain,  for  the 
extent  of  about  half  a  mile,  is  covered  with  hiose  clay,  into  whkh 
our  feet  sunk  at  every  step.  In  many  places  tliere  was  a  thin  crust, 
below  which  the  clay  was  wet,  and  extremely  hot«  Good  fortiwe 
attended  us ;  and  without  any  serious  inconvenience,  we  reached  the 
object  we  had  in  view.  A  dense  column  of  steam,  mixed  witht 
little  water,  was  forcing  its  way  impetuously  through  a  crevice  ia 
the  rock,  at  the  head  of  a  narrow  valley,  or  break  in  the  moontaio. 
The  violence  with  which  it  rushes  out  is  so  great,  that  the  noiie, 
thus  occasioned,  may  often  be  heard  at  the  distance  of  several  miles ; 
and,  during  night,  while  lying  in  our  tent  at  Krisuvik,  we  more 
than  once  listened  to  it  with  mingled  awe  and  astonishment*  Behkid 
the  column  of  vapour  was  a  dark-coloured  rock,  which  gave  it  its 
full  effect. 

It  is  quite  beyond  our  power  to  offer  such  a  description  of  this 
extraordinary  place,  as  to  convey  adequate  ideas  of  its  wonders  or 
its  terrors.  The  sensations  of  a  person,  even  of  firm  nerves,  staodiBf 
on  a  support  which  feebly  sustains  hiqn,  over  an  abyss  where,  literallji 
fire  and  brimstone  are  in  dreadful  and  incessant  action  ;  having  be* 
fore  his  eyes  tremendous  proofs  of  what  is  going  on  beneath  him ; 
enveloped  in  thick  vapours ;  his  ears  stunned  with  thundering  noises; 
must  be  experienced  before  they  can  be  understood. 

]Jffai9U  in  thi  ItkmJ  ^  IceUnJ.] 
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SECTION    IV. 

Volcanic  Peak  of  Snafell  Jokul. 

[From  Mr.  Brig  ax's  NamUion.] 

ArTBE  a  hesitation  of  an  hour  or  two,  on  account  of  the  douht* 
fbl  appearance  of  the  day,  Mr.  llolhuMl  and  myself,  with  our  inter* 
preter,  and  one  of  our  guides,  who  was  very  desirous  of  accompanying 
iis»  put  ourselves  under  the  direction  of  a  stout  Icelander,  who  under* 
took  to  be  our  leader  in  the  ascent  of  the  Jokul.  He,  however, 
honestly  confessed,  that  he  had  ne?er  been  higher  up  the  mountain 
than  the  verge  of  the  perpetual  snow,  as  the  sheep  never  wandered 
beyond  that  limit;  but  this  was  also  the  case  with  the  other  mhabi« 
tanta  of  the  district.  Every  one  of  us  provided  himself  with  an 
Iceland  walking  staff,  fumislied  with  a  long  spike  at  the  end  ;  and, 
m  case  of  need,  we  carried  some  pairs  of  large  coarse  worsted 
atodiings  of  the  country  manufocture.  We  likewise  had  our  ham- 
vaers  and  bags  for  specimens,  a  compass  and  thermometer,  a  bottle 
tif  brandy,  with  some  r}e  bread  and  cheese. 

Thus  e<|aipped,  we  set  forward  on  our  march  ;  and  having  passed 
two  or  three  cottages,  whose  inhabitants  gaxed  with  wonder  at  oor 
expeditioD,  we  directed  our  course  in  nearly  a  straight  line  towards 
the  margin  of  the  snow.  The  nearer  wc  approached  it,  ve^^etatioo 
heeaaw  more  and  more  scanty,  and  at  length  almost  entirely  disap- 
peafed.  After  walking  at  a  steady  pace  for  two  hours,  in  which 
fane  -we  bad  gone  about  six  miles,  we  came  to  the  first  snow,  and 
prepared  oorselves  for  the  more  arduous  part  of  our  enterprise. 
The  road  being  now  alike  new  to  all,  we  were  as  competent  as  our 
guides  to  the  du'ection  of  our  further  course.  The  summits  of  all 
the  sorroundii^  mountains  were  covered  with  mist ;  but  the  Jokul 
ma  perfectly  clear  ;  and  as  the  sun  did  not  shine  so  bright  as  to 
dazsle  our  eyes  with  the  reflection  from  the  snow,  we  entertained 
l^ood  hopes  of  accomplishing  our  purpose.  During  the  first  hour 
the  ascent  was  not  very  difficult,  and  the  snow  was  sufficiently  soft 
to  yield  to  the  pressure  of  our  feet  AAer  that  time  the  acclivity 
was  steeper,  the  snow  became  harder,  and  deep  fissures  appeared  in 
it,  whkb  we  were  obliged  to  cross,  or  to  avoid  by  going  a  consider* 
tble^aray  nmnd.  These  fissures  presented  a  vary  beautiful  spectade; 
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they  were  at  least  thirty  or  forty  feet  in  depth,  and  though  not  id 
general  above  two  or  three  feet  wide,  they  admitted  light  enough  to 
display  the  brilliancy  of  their  white  and  rugged  sides.  As  we  as- 
cended, the  inferior  mountains  gradually  diminished  to  the  sights 
and  we  beheld  a  complete  zone  of  clouds  encircling  as,  while  the 
Jokul  still  remained  clear  and  distinct.  From  time  to  time  the 
clouds,  partially  separating,  formed  most  picturesque  arches,  througli 
which  we  descried  the  distant  sea,  and  still  farther  off,  the  raovB- 
tains  on  the  opposite  side  of  the  Breid^-Fiord,  stretching  northwards 
towards  the  most  remoteextremity  of  the  islands 

In  the  progress  of  our  ascent,  we  were  obliged  frequently  to 
allow  ourselves  a  temporary  respite,  by  sitting  down  for  a  few  minutes 
on  the  snow.  About  three  o'clock,  we  arrived  at  m  chasm,  whick 
threatened  to  put  a  complete  stop  to  our  progress.  It  was  at  least 
forty  feet  in  depth,  and  nearly  six  feet  wide ;  and  the  opposite  side 
presented  a  face  like  a  wall,  being  elevated  several  feet  above  the 
level  of  the  surface  on  which  we  stood ;  besides  which,  from  the 
falling  in  of  the  snow  in  the  interior  of  the  chasm,  all  the  part  oq 
which  we  were  standing  was  undermined,  so  that  we  were  afraid  to 
approach  too  near  the  brink  lest  it  should  give  way.  Determined, 
however,  not  to  renounce  the  hope  of  passing  this  barrier,  we  fol* 
lowed  its  course  till  we  found  a  place  that  encouraged  the  attempt. 
The  opposite  bank  here  was  not  above  four  feet  high,  and  a  mass  of 
snow  formed  a  bridge,  a  very  insecure  one  indeed,  across  the  chasm* 
Standing  upon  the  brink,  we  cut  with  our  poles  three  or  four  steps 
in  the  bank  on  the  other  side,  and  then,  stepping  as  lightly  as  po^ 
sible  over  the  bridge,  we  passed  one  by  one  to  the  steps,  which  we 
ascended  by  the  help  of  our  poles.  The  snow  on  the  opposite  side 
became  immediately  so  excessively  steep,  that  it  required  our  utmost 
efforts  to  prevent  our  sliding  back  to  the  edge  of  the  precipice,  io 
which  case  we  should  inevitably  have  been  plunged  into  the  chaaoL 
This  dangerous  part  of  our  aHcent  did  not  continue  long ;  and  we 
soon  found  ourselves  on  a  tolerably  level  bank  of  snow,  with  a  pre- 
cipice on  our  right  about  sixty  feet  perpendicular,  presenting  an  ap- 
pearance as  if  the  snow  on  the  side  of  the  mountain  had  slipped 
away,  leaving  behind  it  the  part  on  which  we  stood.  We  were  now 
on  the  summit  of  one  of  the  three  peaks  of  the  mountain ;  that 
which  is*  situated  farthest  to  the  east.   We  beheld  immediately  be* 
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fore  ua  a  fissure  gteally  more  furmidable  in  width  anct  dvplb  than 
any  we  liaH  passed,  and  whicli,  indeed,  offered  nn  insuperable  ol>- 
■tuclc  ta  our  further  progress.  The  lii»bcsl  peak  of  the  Joknl  was 
•till  a  hundred  feet  above  lis ;  and  afler  looking  at  it  some  time, 
with  Die  iDor I iti cation  of  disa|>|)ui.-ittiienl,  and  mukitig  some  fruitless 
attenijits  tu  reach,  at  leii&t,  a  bare  expired  rock  which  iloud  in  llie 
middle  of  the  ftsaure,  we  were  obliged  to  gire  up  all  iiope  of  adv8ti< 
ctng  further. 

I'be  peak  of  the  Jokul  we  bad  now  attained,  b  about  i,460 
feet  above  the  level  of  the  sea.  The  exteniire  view  wliich  we 
might  have  obtained  from  Ibis  elevated  point,  was  almost  entirely 
intercepted  by  the  great  masses  of  cloud,  which  bung  upon  the  sides 
of  the  mountain,  and  admilled  only  partial  and  indistinct  views  of 
Ihf  landscape  beneath.  It  ha4  been  said  by  Egbert  Olafson,  and 
otbers  that  from  one  (kitI  of  the  chaniicl  which  lie«  between  Iceland 
and  Greenland,  the  mountain  of  Siisfell  Jokul  may  be  seen  on  one 
aide,  and  a  lof^y  mnunldin  in  Greenland  on  the  other.  It  is  diffi- 
cult to  ascertain  how  tar  this  is  an  accurate  ilatcment.  The  distance 
between  the  two  countries  at  this  place  cannot  be  less  than  eighty 
or  Rinety  leag<ies. 

Ttie  douda  now  began  rapidly  to  accumulate,  and  were  visiblj 
roHing  up  the  side  of  ihe  mounluin  ;  we  were  therefore  anxinus  to 
quit  our  present  situation  as  sfieedily  as  possible,  that  we  might  re- 
pass ihe  chasm  before  we  were  involved  in  mist.  Our  first  object, 
however,  was  to  examine  the  st.itc  of  the  magnetic  needle,  which 
Olafson  in  hia  travels  asserts  to  be  put  into  great  agitation  at  Ihe 
summit  of  this  mountain,  and  no  longer  to  retain  its  polarity.  What 
may  be  the  case  a  hundred  fret  higher,  ne  cannot  atBrm :  but  at 
ibe  point  we  reached,  the  Tiredle  was  quite  stationary,  and,  as  far  as 
we  could  judge,  perfectly  true.  We  then  noted  an  observation  of 
the  thermometer,  wliich  we  were  surprised  to  find  scarcely  so  low  as 
Ibe  freezing  point ;  and  after  an  application  to  the  brandy  bottle, 
began  with  great  care  to  retrace  the  fooltteps  of  our  ascent.  We 
found  re-crossing  the  cliasm  a  work  of  no  small  danger ;  for  when- 
ever we  stuck  our  poles  into  the  snow  bridge,  they  went  directly 
through.  The  first  person,  therefore,  who  crossed,  thrust  bis  pole 
deep  into  the  lower  part  of  ttie  wall,  thus  affording  a  point  of  sup- 
port for  the  feet  of  those  who  followed ;  Mr.  Holland,  however, 
I  the  Mcood  in  pa»ing  over,  Jiad,  not  with  standing,  a  i»rrow 
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escape,  for  his  foot  actually  broke  through  the  bridge  of  snow,  9n4 
U  was  with  dificulty  be  rescued  himself  from  falliog  ioto  the  diasm 
toieath.  We  were  scarcely  all  safe  on  tlie  lower  tide  of  the  chasm, 
when  the  mist  surroundiog  us,  raadb  it  extremely  ditficult  to  keep 
the  tract  by  which  we  had  ascended  the  mouotaio*  When  We  came  op- 
|K»ite  to  a  small  bank  whicli  we  had  remarked  in  oar  ascent  as  being 
free  from  snow,  we  desired  our  guide  to  remain  where  he  was,  that 
we  might  not  lose  the  path,  while  we  went  to  examine  the  spot. 
We  found  the  bank  to  be  almost  entiiely  composed  of  fiagments  of 
fMiroice  and  volcanic  scoriae.  After  our  return  to  the  fonner  trad^ 
we  made  the  best  of  our  way  back  to  Olafarik,  which  we  reached  at 
about  a  quarter  past  six,  to  the  great  surprise  of  every  one ;  for  wt 
were  scarcely  expected  till  tlie  foUowii^  morning ;  such  is  the  reve* 
leatial  awe  inspired  by  the  JokuL  None  of  our  party  seemed  moic 
gratified  with  the  exploit  tlian  our  guide,  who  having  always  beca 
•ocustomed  to  look  upon  the  iokul  as  some  invincible  giani,  greatly 
CBulted  in  this  victory  over  hhn ;  but  we  afterwards  iearued,  thai  he 
found  coBsiderahie  difficulty  in  making  his  friends  eredii  hb  nam- 
ti9t  of  the  asoent. 

[Sir  George  Mackenzie's  Trtweb  m  I^eiamd] 


CHAP.  XIII. 

ASIATIC  VOLCANOES. 


I^PON  the  whole,  this  quarter  of  the  world  appears  to  have  vat 
fered  less  severely  from  the  calamify  of  volcanoes  and  earthquokei 
than  any  other.  Those  that  are  chiefly  worthy  of  Dotioe  are  to  be 
found  in  Japan  and  the  New  Hebriiles. 

SECTION  I. 

Volcanoes  of  Japan. 
Japan  is  very  rennrkable  for  the  great  number  of  its  buming 
mouQtams.      Not    far    irom  Piranda,   is  a  small  rocky    \s\nA» 
which    hath   been  bunnog  and  trembling  for  maoy  ^oootuncs; 
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^aSuib  aiiKthcr  unall  L>liuii1,  opposite  to  Santxiuna,  is  a  volcano  tliat 
li34  l>een  buniuig  at  different  iutervals  for  maiij'  ages.     On  the  siini- 

I  mil  of  u  Diountain,  in  (he  province  or  Figo,  is  a  large  cavem,  for- 
tiierly  llie  iitouth  of  a  volcano,  but  llie  flame  bas  ceased,  probabljp 
for  waiil  of  combustible  mattet.  In  the  same  province,  near  a  re 
ligions  siTucttire  called  the  Temple  of  the  Jealous  God  of  Aso,  t 
l^eqwlua]  flame  i^suea  from  the  lop  of  a  mountain,  la  the  province 
of  TsiLkiisca  is  another  bnrning  nmunlain,  tvliere  wai  formerly  a 
coiU-pit ;  but  it  being  set  on  lire  by  the  carelessness  of  llie  work- 
men, it  has  been  burning  ever  since.  Sonieiimes  a  black  smoke, 
scconijianied  with  a  very  disagreeable  s(ench>  is  observed  tn  issue 
out  of  the  lop  of  a  famous  mountain  called  Pesi,  in  the  province  of 
Seni^.  This  mountain  is  said  to  be  nearly  as  high  as  tlie  I'cak  of 
Teneiiffe,  but  iti  shape  and  beauty  is  supposed  to  have  no  equal) 
■nd  its  top  ii  covered  with  perpetual  snow. 

Captain  Gote,  when  leaving  the  coast  of  Japan,  passed  by  greaf 
4]iianlilies  of  puniice-slone,  several  pieces  of  which  were  taken  up, 
and  found  to  weigh  from  one  ounce  to  three  pounds  t  it  was  coii' 
jeclured  that  these  stones  had  been  thrown  into  the  sea  by  eruptions 
at  inriuui  tiiues,  at  many  of  ibem  were  covered  with  barnaclt«,  and 
Others  were  quite  bare. 

Section  ii: 
i^ohanoa  of  Kamtschatkd: 

THEitE  are  three  burubg  mountains  in  Kamtlchatka  nliich  for 
m<iny  years  have  thrown  out  acoueidciable  smoke,  but  do  not  ohert 
bunt  into  fl:ime.  One  of  these  is  situated  in  the  neighbourhood 
of  Awatska  -,  another  called  the  volcano  of  Tolbalchiek,  is  si- 
tuated OH  a  neck  of  ground  between  the  river  Kumtschatka; 
and  the  Tolbalchiek.  In  the  beginning  of  the  year  1739,  a 
wlurlwind  of  flames  issued  from  its  crater,  which  reduced  to  ashei 
the  forests  on  the  neighbouring  niouutaini :  this  was  succeeded  by 
I  cloud  of  smoke  which  overspread  and  datkened  the  whole  coun- 
Irj,  till  it  was  dissipated  by  a  shower  of  cinders,  which  covered  the 
ground  to  the  distance  of  thirty  miles.  Tlie  third  volcano  is  on  the 
top  of  the  mountain  of  Kamlschalka,  which  is  described  as  by  far 
the  bjghest  ia  tbe  peoiniuta ;  it  rises  from  two  rows  of  hills,  lome^ 
what  in  tbe  form  of  a  tugar*loaf,  to  a  very  great  height ;  usually 
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throws  out  aslios  tuice  or  thrice  a  }ear,  sometimes  in  such  qiraii* 
tiller,  that  for  three  hundred  versts  round  the  earth  is  covered  with 
tliiMii:  a  ronflrigratioii  began  on  the  SAth  of  Septeniber«  in  the  year 
1737,  and  continued  burning  a  wcek^  with  sueh  violence,  that  the 
iiioinitaiti  a|)|)eared,  to  those  who  were  lishiog  at  sea,  like  one  red- 
hot  rock  :  ami  the  flaniefi  that  burst  through  several  opcningSj  with 
a  dri'adfu)  noise,  resembled  rivers  of  fire.     From  the  imide  of  the 
mountain  were  heard  thnnderings,  cmckiniss,  and  blowing  like  the 
blast  of  tlicstronji^est  bellows,  shaking  all  the  neighbouring  country; 
the  nights  were  most  terrible  ;  but  at  last  the  conflagntioD  ended, 
by  the  mountain^  casting  out  a  prodigious  quantity  of  cinden  and 
aslie9,  anion|i[  which  were  porous  stones,  and  glass  of  miovs colours 
Wiien  Captain  Clerk  sailed  out  of  the  harbours  of  Stdnta  ^elcr  aad 
Paul,  to  tlie  northward,  an  eruption  of  the  first  of  thcie  vokinoei 
was  observed,  being  on  the  15th  of  June,  1778  }  before  dnjp«iigiit  a 
rumbling  noi^  was  heard,  resembling  distant  hollow  Ihwidcr;  and 
when  the  day  broke,  the  decks  and  sides  of  the  ships  were  leen  to 
be  covered  with  a  fine  dust  like  emery,  near  an  inch  thid,  the  air 
«it  the  same  time  continued  loade<l  and  darkened  with  tUi  nib- 
stance,  and  towards  the  mountain,  whicli  is  situated  to  the  oortb  of 
the  harbour,  was  ho  thick  and  black,  that  tlie  body  of  the  hill  could 
not  be  distinguished.     About  twelve  o'clock,  and  during  the  after- 
noon, the  explosions  beraine  louder,  and  were  followed  by  showers 
of  cinders,  wliich  were  in  general  about  the  size  of  peas,  thougli 
many  were  picked  up  upon  the  deck  larger  than  a  hazel  nut.   Along 
with  the  cinders  fell  several  stnall  stones,  which  had  undergone  do 
change  from  the  action  of  tire.     In  the  evening,  dreadful  thunder 
and  lightning  came  on,  which,  with  the  darkness  of  the  atUMMphere, 
and  the  sulphureous  smell  of  the  air,  produced  altogether  a  most 
awful  effect.    The  ships  were  at  that  time  about  eight  leagues  from 
the  foot  of  the  monntain.     Capt.  Clerke  was  informed,  on  his  re* 
turn,  that  at  the  craters  of  St,  Peter  and  of  St.  Paul  stones  were  throwo 
forlli  of  the  size  of  a  goose's  egg. 

SECTION  III. 

VolcaHoes  of  the  New  Hebrides. 

A  cluster  of  islands  in  the  Pacific  Ocean,  which  was  fint  traced  by 
Quiroc,  in  10'06,  next  by  M.  de  Bougainville,  in  IfSS,  and  after- 
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ward  by  Captain  Cook,  (he  fint  nf  whom  called  what  li«  Imd  dijco- 
vcred  Sierra  del  Esperilu  Santo  ;  the  next,  the  Archipelago  of  the 
Great  Cjclades ;  and  the  last,  who  vhiled  each  wlaud,  llic  New  He- 
brides, are  situated  between  the  latitudes  of  40*  3g^  and  QCf  4'  south, 
and  between  l6d*4l'fln(i  )70°2l' east  longitude  :  ihej  are  eighteen 
in  number,  and  extend  one  hundred  and  tw«ntv-five  leagues  in  the 
direction  of  north,  norlh^we^l,  and  iouih-sotith-casl.  On  one  of  the 
islands,  which  is  named  Taniia,  u  volcano  was  teen  from  Captain 
Cook's  sliip,  about  four  miles  to  the  westwani,  which  wat  bunting 
with  great  fury.  In  the  uighl  of  the  5th  of  Augnsi,  1774,  it  vo- 
mileil  vast  quantities  of  fire  anil  smoke,  and  tJie  flames  were  seen 
to  rise  above  the  hills  which  lay  between  it  and  the  ship.  At  every 
eruption  it  made  a  loud  rumbling  noise,  like  thai  of  thunder,  or  the 
blowing-up  of  large  mines.  A  heavy  shower  of  rain,  which  fell  at 
Ihe  tame  lime,  seemed  to  increase  it :  and  the  wind  blowing  from 
that  quarter,  the  uir  was  loaded  with  its  ashes,  which  fell  so  thick, 
that  every  thing  was  covered  with  Ihe  dust.  Il  was  a  kind  of  fine 
nod  oritonc,  ground  or  burnt  to  ]K>wdcr,  and  was  exceedingly  trou- 
c  to  the  eyes. 

ICook.  Quint,  BougainvilU.  Forsler.} 


CHAP.  XIV. 

VOLCANOES  OP  THE  AFRtCAN  ISLANDS. 

1.  HE  continenlof  Africa  appears,  as  fur  as  we  are  acquainted  with 
it,  to  bave  been  but  lillle  alflicted  with  volcanic  visitations  at  any 
time.  But  its  different  groupes  of  islands  exhibit  strong  and  strik- 
ing markt  of  this  terrible  scourge.  These  are  chiefly  to  be  traced  in 
Si.  Helena,  among  the  Cape  Verd  and  Fortunata  Islands,  or  Cuna- 
lies,  and  in  the  Isle  of  Bourbon  or  Reunion :  to  which  we  ufaall  con* 
ftnc  our  attention. 
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SECTION  I. 

Volcanoes  of  Si.  Helena. 

Besides  the  volcanoes  which  are  still  burnings  tbeve  are 
table  iDouBtaiiis  which  bear  evident  roarhs  of  fire  that  is  now  estinctt 
and  has  been  so  from  the  time  of  the  earliest  traditions :  aaMNi|| 
these  is  the  isolated  rock  of  St.  Helena^  where  the  ineqnalities  si 
sor^Ke  are  manifestly  the  efiect  of  the  siakmf  of  the  earth; 
for  the  opposite  ridges^  though  always  separated  by  deep^*  and 
sometiaMt  by  broad  Tallies,  are  eiactly  similar,  both  in  appeaiw 
ancs  sad  directmi:  and  ^at  the  sinking  of  the  earth  in  those 
paits  was  eaased  by  sabtetraneoas  fires»  is  equally  oMmifest  ftam 
the  stones;  for  some  id  them,  especially  those  m  the  bottom  sf 
flie  Tallies,  aiv  burnt  almost  to  a  cinder;  in  some  there  are  smai 
bobbles,  hka  those  thai  are  ste»in  glass^whish  has  been  wgcd  al- 
aaost  to  Aision;  and'  somc^  thoogh  at  first  sight  they  do  not  appcsr 
fo  have  been  exposed  to  the  action  of  great  beat,  will  ba  faanij 
upon  a  closer  inspection,  to  contain  small  pieces  of  extraneons  ha* 
dies,  as,  particularly^  mundick,  which  have  yielded  to  the  power  sf 
fire,  tliough  it  was  not  sufficient  to  alter  the  appearance  of  She  staos 
which  contained  them. 

SECTION    II. 

VoUanoei  of  the  Cape  Verd  Islands. 

This  group  of  islands  afford  several  that  have  been  long  extinct 
Among  those  that  are  occasionally  active,  the  chief  is  to  be  found  in 
the  island  of  Fogo  or  Fuego.  This  is  situated  m  latitude  W  ^Pf 
north,  is  much  higher  than  any  of  the  rest,  and  appears  at  sea  like 
one  continued  mountain,  in  sailing  by  it,  no  valleys  are  to  be 
seen,  these  only  resembling  gtitters,  made  by  torrents  of  nan  niB« 
mug  down  the  mountain :  but  when  a  person  is  on  shore,  near  oife 
of  these  seeming  gutters,  he  finds  that  they  are  deep  vallies  boondid 
by  lofty  mountains. 

On  the  top  is  a  volcano,  which  may  be  seen  at  a  great  distance  at 
sea*  It  sometimes  casts  forth  fragments  of  rock,  of  an  amasing  sise, 
to  a  vast  height,  with  a  noise  like  that  of  the  loudest  thnnder ;  and 
sometimes  torrents  of  flaming  brimstone  pour  from  the  peak,  like 
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iMUnla  caa  gallicr  wliat  quantities  of  that  minerat  substance  tliej' 
please.  It  is  not  unlike  cuninion  brtnislotie,  but  is  ufa  much  bnglitci 
colour,  and  on  being  burnt,  gives  a  clearer  Aamc.  At  otber  timea, 
the  volcano  casts  forth  *ucb  an  uiiiaxiui|;  iiuunllTy  of  asbes,  tlmitbe 
ai^acent  parts  are  covered,  and  insnj  goals  snioUicrei). 


GtCTION  III. 
Fofcanoes  of  the  Canaries. 

Thk  ptincipai  volcanoes  belonging  to  (his  group  of  icUnds  are  la 
be  Diet  with  in  Laucemla,  Fui-rtaventura,  Palmai  and  Teneriffe. 

Tiiljincerota  and  Fuertaventora,  are  many  hills  ihal  were  formerly 
volcanoes,  the  tops  nf  which  are  of  a  small  circunifcrenre,  and  arc 
hollow  for  a  liltic  way  downward  ;  the  edges  of  the  tops  being  usually 
narrow  and  sharp,  and  on  (he  outside  is  generally  seen  a  great  ileal 
of  black  dust,  and  burnt  stone,  like  pumice-stone,  only  darkerand 
more  ponderous.  No  eruptions  have  been  known  to  bnppeii  for 
several  ages,  ejtcepi  one  at  Lancerota,  which,  about  sixty  years  ago, 
broke  out  on  the  south-wett  part  of  the  island,  throwing  out  such  an 
immense  quantity  of  ashes  and  huge  atones,  and  with  so  dreadful  a 
noise,  thot  many  of  the  inhabitants,  leaving  (heir  houses,  fled  to 
Fucrtavcutura ;  but  some  time  after,  finding  (hat  those  who  ven> 
tured  to  stay  had  received  no  hurl,  Ihey  look  courage,  and  relumed. 
Tliis  volcano  was  near  the  sea.  in  a  place  remote  from  any  habi- 
tation. At  a  small  distaiice  from  it,  a  pillar  of  smoke  issued  from  the 
sea,  atid  aAerwards  a  small  pyramidical  rock  arose,  which  still  con- 
tinues. This  rock  was  joined  to  the  island  by  the  matter  thrown  out 
of  the  volcano.  The  noise  of  the  eruption  was  so  loud,  that  it  was 
heard  atTenerifie,  although  at  the  distance  of  forty  leagues,  which 
was  probably  occasioned  by  the  wind  generally  blowing  from  Lance- 
rota toward  that  island. 

Palha  is  a  high  and  spacious  mountain,  steep  on  all  sides. 
It  is  called  La  CaUtra,  or  the  CauUron,  from  a  hollow  like  (hat  on 
ibe  Peak  of  Teneriffe.  The  summi(  is  about  two  leagues  in  circum- 
ference, from  which,  on  the  inside,  the  Cauldron  descends  gradually 
In  the  bottom,  which  is  a  space  «f  about  ihirty  acres.  On  the  de- 
clivity of  the  inside  spring  several  rivulets,  which,  joinitig  together 
at  the  boltom,  issue  in  one  stream  through  a  pauage  to  the  outiidc 
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of  the  ■Mwnrtain  fnm  wbich  thii  bniok  dcfceflds*  aad  haruig  nm 
dktamttp  tarns  Uro  sugar  mills.  Tbc  water  of  this  stmoi  is 
rbolesome,  oo  accooot  of  its  nixing  with  other  water  of  a  pemi- 
doiis  qaalitj  io  the  Cauldron,  all  the  insicle  of  whidi  aboonds  with 
herbage,  and  is  covered  with  palms,  phch-pine,  kmnpl,  ligmnn- 
rhodiom^  and  rataroas^  which  last  have  in  this  island  a  yellow  bari[, 
and  grow  to  the  size  of  large  trees,  but  in  the  others  they  are  only 
shmbs.  The  people  here  take  great  care  not  to  let  the  he-goats 
feed  on  the  leaves  of  the  ratama,  as  they  imagine  those  leaves 
breed  a  stone  in  the  bladder,  which  kills  the  animal. 

TfiKEaiF,  or  the  Whiie  McmMtmm^  derives  its  name  from  the  in* 
habitants  of  the  neighbonring  island  of  Palma,  among  whom  iAoier, 
we  are  told  by  Ghtf,  imports  a  mountain,  and  |^  white,  its  peak  or 
summit  being  always  covered  with  snow.  On  the  nortb«west  sida 
of  the  island  is  a  bay  called  Ad€xe,  or  rather  Addu^  where  large 
ships  may  anchor:  and  on  its  north-west  side  is  a  haven  called  Gar* 
lachica,  once  the  best  port  in  the  island,  but  destroyed  by  a  tre- 
mendous earthquake  in  17M«  which  the  natives  have  significantly 
deoominaied  the  '*  earthquake-year."  The  harbour  was  fiUcd-ap 
by  the  river  of  burning  lava  that  flowed  into  it  from  the  volcano^ 
so  that  houses  are  now  built  where  ships  formerly  lay  at  anchor; 
though  vess^b  may  safely  approach  the  coast  in  the  sunmier. 

The  earthquake  began  on  December  24  of  the  above  year,  and  in 
the  space  of  three  hours  not  less  than  twenty-nine  shocks  were  felt« 
They  still,  however,  increased  in  violence,  so  as  at  length  to  rock 
all  the  bouses,  and  oblige  the  iuhabitants  to  abandon  thenu  The 
consternation  became  universal ;  and  the  people,  with  the  bishop  at 
their  head,  made  processions  and  prayers  hi  the  open  fields.  On 
the  3 1st,  a  great  light  was  observed  at  Maqja,  towards  the  White 
Mountains,  when  the  earth  opeuiug,  two  volcanoes  were  formed 
that  threw  up  such  heaps  of  stones,  as  to  raise  two  considerable 
mountaius.  On  the  3th  of  January  the  sun  was  totally  obscured 
with  clouds  of  smoke  and  flame,  which  continually  increasing,  aog- 
mented  the  consternation  and  terror  of  the  inhabitants.  Before 
night,  the  whole  country,  for  nine  miles  rounds  was  in  flames,  by 
the  flowing  of  the  liquid  fire  with  the  rapidity  of  a  current,  into  all 
quarters,  from  another  volcano,  which  opened  by  at  least  thirty  dif- 
ferent vents  within  the  compass  of  half  a  mile«  The  horror  of  thii 
the  nuking  of  water  down  a  steep  mountain ;  after  which  the  inha- 
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•cene  was  greaiiy  incrEaseH  by  ihe  violence  Af  the  tliocka,  nliidi 
never  once  remittee),  liut  by  ilieir  force  entirely  overthrew  severd 
hnkiM-*,  niid  shook  others  lo  their  very  foumtHlions;  while  the 
wretched  inhabitants  were  afain  driven,  defenceless  and  dismayed, 
into  I  lie  open  field»,  where  they  every  moment  expected  to  be  »»-4l- 
lowed-up  bv  some  new  gulph.  The  noise  of  the  volcanoes  waa 
Iieard  at  the  distance  of  twenty  leagues,  and  even  there  the  sea  shook 
with  Buch  violence  as  akrined  the  mariners,  who  apprehended  that 
Ihe  ship  had  struck  uiron  a  rock.  Meanwhile,  a  torrent  of  sulphur 
and  melted  ores  of  different  kinds  rushed  from  this  last  volcano  to- 
ward  Guimar,  where  the  houses  and  public  buildings  were  thrown 
down  by  tlie  violence  of  the  Bcconipanyiog  shocks.  On  (he  ad  ot 
February  another  volcano  broke  out,  even  in  the  town  of  Gnimar, 
which  swallowed  up  a  large  cliurch.  From  the  24lh  of  December 
to  the  23d  of  February,  the  (teople  were  constantly  alarmed  by  coi»- 
linual  (IhkIu  of  earthquakes,  and  Ihe  terrible  volcanoes  that  burst 
forth  in  different  parts  of  the  inland.  Since  that  time  no  earthquakt: 
or  eruption  lias  happened,  but  smoke  continually  issues  from  neaf 
the  lop  of  the  raounluin. 

It  it  in  the  centre  of  Teneriffe,  wliose  form  is  nearly  triangular, 
each  side  about  twelve  leagues  long,  that  we  meet  with  the 
braled  pike  or  ptak,  called  Te^Je  by  the  ancient  inhabitants,  a 
name  which  it  retains  (o  tbepieseat  day.  There  are  three  valuable 
accounts  of  Joumics  made  to  the  lop  of  the  peak  by  Englbh  tra- 
vellers :  that  of  Dr.  Spralt,  Bishop  of  Rochester;  That  of  Dr.  H«- 
berden,  both  contained  m  the  Philosophical  Transactions ;  and  Ibtt' 
of  Mr.  Glas,  who  ascended  it  about  nine  years  after  Dr.  HeberdeHi 
aud  has  given  a  minute  description  of  his  lour  in  his  History  of  the 
Canary  Islands.  The  substance  of  these  diflereul  accounts  shall  be 
laid  before  the  reader. 

In  the  beeioning  of  the  month  of  September  1761,  at  about  four 
in  the  aflemooD,  Mr.  Olas  set  out  on  horseback,  in  company  willi 
the  master  of  a  ship,  lu  visit  the  peak.  They  had  with  them  a  ser- 
vant, a  muleteer,  and  a  guide :  and,  after  aiicending  about  six  miles, 
arrived  toward  sun-set  at  Ihe  most  distant  habitation  from  the  sea, 
which  is  in  a  hollow:  here  finding  an  aqueduct  of  open  troughs,  that 
convey  water  down  from  the  head  of  the  hollow,  their  servants  wa- 
tered tbe  cattle,  and  filled  some  small  barrels  to  serve  tlieu  in  thejr 
ft* 
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eipeditioD.  The  gtetlemen  here  alighted,  and  walkmg  mto  tht 
hollow,  found  it  yrtry  pleasant^  ahounding  with  many  trees  that  wnt 
forth  an  odoriferous  $mell ;  and  near  the  liouses  were  some  fields  of 
luaiae,  or  Iiidiau  com, 

Mounting  again,  they  travelled  for  some  time  up  a  sleep  road,  and 
leached  the  woods  and  clouds  just  as  it  grew  dark.  Tiiey  ccmld  not 
miss  their  way,  the  road  being  bounded  on  both  sides  with  trees  or 
bushes,  which  were  chiefly  laurel,  savine,  and  brush-wood.  Having 
travelled  about  a  mile,  they  came  to  the  upper  edge  of  the  wood, 
above  the  clouds,  where  alighting,  they  made  a  fire,  and  pipped; 
soon  aAer  which  they  lay  down  to  deep  under  the  bushes. 

About  half  an  hour  after  ten,  the  moon  shining  bright,  ihtj 
mounted  again,  travelling  slowly  two  hours,  through  an  e^oeedius 
bad  road,  resembling  the  ruins  of  stone  biiildings,  scattered  over  the 
^Ids.  After  they  had  got  out  of  thii  road,  they  came  upon  small 
light  pumice-stone,  like  shingle ;  upon  which  they  rode  at  fi  prettj 
good  pace  for  near  an  hour,  The  air  now  began  to  be  very  shaqi^ 
^old,  and  piercing.  Their  guide  advised  them  to  alight  here,  as  the 
place  was  convenient,  and  rest  till  four  or  five  in  the  morning.  To 
tills  they  agreed,  and  entered  a  cave,  the  moyth  of  which  was  built 
up  to  about  a  man*s  height*  to  exclude  the  cold.  Here  they  foood 
some  dry  witliered  retamas,  which  was  the  only  shrub  or  vegetable; 
with  these  they  made  a  great  fire,  and  then  fell  asleep ;  but  were 
soon  awaked  by  an  itching  occasioned  by  a  cold  thin  air,  want  of 
fX>mfortable  lodgment,  and  sleeping  m  their  cloaths ;  but  although 
they  lay  so  near  the  fire  that  one  side  was  almost  scorched,  yet  the- 
other  was  benumbed  with  cold. 

At  about  five  in  the  morning  they  mounted  again,  and  travelled 
dowly  about  a  mile ;  for  the  road  was  rather  too  steep  for  travelliog 
quick  ou  horseback,  and  their  beasts  were  become  fiitigued.  At  last 
(hey  came  among  some  great  loose  rocks,  where  was  a  kind  of  cot* 
tage  built  of  loose  stones,  called  La  Estantia  de  los  Ingleses,  or  the 
English  bailing-place,  probably  from  some  of  the  English  resting 
here  on  their  way  to  visit  the  peak  ;  for  n^ne  take  that  jonmey  but 
foreigners,  and  soipe  poor  people  who  earn  then-  bread  by  gatberug 
brimstone.  Herp  they  again  alighted,  the  remainder  of  their  way 
being,  too  steep  for  riding,  and  left  the  servant  to  look  after  the 
(lorscs,  while  they  proceeded  ou  their  joumf^.    They  walked  har4 
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lo  get  tbenuflvM  a  brat,  but  were  soon  fatigued  by  tlie  stcepars^ 
pf  the  Tuad,  which  wm  loose  and  laudv.  On  liieir  reaching  tbe 
|op  of  thii  hill,  lliry  came  lo  a  prodigious  number  of  large  and 
IcKise  Tocki  or  slonei,  whose  surl'aces  were  fldt,  and  each  of  them 
all  a  medium  about  len  feet  every  way.  This  road  was  lesa  steep 
than  the  olhar;  but  they  were  obliged  to  make  many  circuits  to 
avoid  ihe  rocks. 

Iferc  is  the  fjmous  care  of  Teyile,  which  is  surrounded,  or  rather 
buried,  oil  HJl  sides  by  large  volcanic  rocks,  which  ihe  SpaniarHs  call 
wiat-pai/ui.  Tbe  cave  is  about  liftecn  feel  wide  at  (Ite  entrance, 
but  its  extremity.  Dr.  Heberden  says,  he  could  not  discover.  Here 
loo  is  the  grand  reservoir  of  snow,  whence  these  islanders  are  sup- 
fAkii,  when  their  common  reservoirs,  which  furnish  snow  for  cooling 
their  liquon,  fail  lliem.  Ur.Glns  and  his  company  entered  it. 
They  found  the  w.iter  so  cxccs-iively  cold  that  it  could  not  be  drunk. 
After  Iravclliiig  about  a  (]uarlcr  or  half  a  mile  upon  tbe  great  stones, 
Ihey  reached  the  bottom  of  the  real  peuk  or  sugar-loaf,  which  is  ex- 
ceeding sleep,  and  the  dillicully  of  a<icendiHg  was  increased,  and 
rendered  more  fatiguing,  by  ihe  ground  l>*ing  loose,  and  giving  way 
uuder  their  feet ;  for  though  ihii  eminence  is  not  above  half  a  mile 
ill  height,  they  were  obliged  to  stop  and  take  breath  near  thirty 
times  ;  iiud  when  ihcy  3I  laxl  reached  the  lop,  being  quite  s|>ent  with 
fatigue,  Ihey  lay  about  a  quarter  of  au  hour  to  rest  themselves  and 
recover  their  breath, 

When  Ihey  let)  the  English  pilcbing-ptace  in  the  morning,  the  sun 
was  just  emerging  from  the  clouds,  which  were  spread  underlbem, 
at  a  great  distance  below,  and  appeared  like  the  ocean.  Dr.  Heber* 
deu  sayi,  "  a  sea  of  ash-coloured  clouds  appeared  below."  Abore 
the  clonds,  al  a  vast  distance  to  the  north,  they  perceived  something 
black,  which  ihey  imagined  to  be  lite  top  of'lhe  island  of  Madeira, 
and  taking  (he  bearings  of  it  by  a  pocket  compass,  found  it  to  be  ex- 
actly ia  the  direction  of  ihal  island  from  Teneriffe ;  but  before  they 
rrarhed  to  Ibe  top  of  the  peak  it  disappeared.  From  this  spot  they 
saw  the  top  of  the  islands  of  Gran  Canaria,  Hiero,  Pahna,  and  Go- 
mria,  which  seemed  to  be  quite  near,  but  could  neither  perceive 
Laiicrrota  nor  Puertaventura,  they  being  not  high  enough  lo  piarce 
I  he  clouds. 

II1C  lop  of  the  peak  is  about  an  hundred  and  forty  yard*  in  lengtb, 
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sod  an  hundred  and  ten  in  breadtlu  It  is  iioliow^  and  shaped  Uke  a 
bell  with  the  mouth  upward,  says  Mr.  Olas.  Dr.  Heb^den  de- 
aeribes  it  as  resembling  a  truncated  cone  with  its  base  oppemoit. 
These  two  travellers  dilTf  r  widely  as  to  the  depth  of  the  crater,  which 
the  natives  call  caldera,  the  first  calliug  it  forty  yards  to  the  bottonn 
the  latter  saying  it  is  about  twelve  or  fifteen  feet  deep.  This  cal- 
dera  or  cauldron  is  nearly  circular,  its  diameter  about  forty  fathonk 
The  ground  is  very  hot,  and  from  near  twenty  spiracala,  as  from  so 
many  chimniesi  a  smoke  or  vapour  arises,  which  is  of  a  strong  sal* 
phureous  smell*  The  whole  soil  seemed  mixed  or  powdered  with 
brimstone^  which  formed  a  beautifully«coloured  surface.  There  ii 
one  of  th» rocks  which  forms'a  kind  of  vault  or  niche,  against  which 
the  vapours  condensing,  produce  what  the  inhabitants  call  axtfii  A 
goto,  or  drop-brimstone.  On  observing  some  spots  of  earthy  or 
soft  clay,  Mr.Ghtt's  company  tried  the  heat  with  their  fingei% 
but  could  not  thrust  them  in  farther  than  half  an  inch,  for  the 
deeper  they  penetrated  the  hotter  they  felt  it.  They  then  took 
their  guide's  staffs  and  thrust  it  about  three  inches  deep  into  a 
hole  or  porous  substance^  ivhere  the  smoke  seemed  thickest,  and 
having  held  it  there  about  a  minute,  drew  it  out,  and  found  it 
burned  to  charcoal. 

From  this  spot  the  clouds  beneath  them,  which  were  at  a  great 
dutance,  made  a  very  extraordinary  appearance :  they  seemed  hkt 
the  ocean«  only  the  surface  was  not  quite  so  blue  and  smooth,  but 
had  the  resemblance  of  white  wool ;  and  where  this  cloudy  ocean, 
as  it  may  be  called,  touched'the  mountain,  it  seemed  to  foam  like 
billows  breaking  on  the  shore.  When  they  ascended  through  tht 
clouds  it  was  dark ;  but  when  they  afterward  mounted  again^  be- 
tween ten  and  eleven  o'clock,  and  the  moon  shone  bright,  the  cloads 
were  then  below  them,  and  about  a  mile  distant  They  then  mis- 
took them  for  the  ocean,  and  wondered  to  see  it  so  near,  nor  did 
they  discover  their  mistake  till  the  sun  arose.  When  in  descending 
from  the  peak,  they  passed  through  the  clouds,  they  appeared  as  a 
thick  fog  or  mist,  resembling  those  frequently  seen  in  England :  al) 
the  trees  of  the  wood,  and  their  clothes  were  wet  with  them. 

On  the  top  of  the  peak  the  air  was  tliio,  cold,  and  piercing,  like 
i  he  south-easterly  winds  felt  in  the  great  desert  of  Africa.  In  asceod- 
uig  the  sugar-loaf,  which  n  very  steep,  and  covered  with  snow  the 
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firrstest  part  of  ihe  year,  their  hearts  panted  and  beat  violently,  and, 
MS  liath  been  already  obwrved,  lliej'  were  obliged  to  nsl  about  iliirty 
limes  to  lake  breath  ;  and  tins  wb'^  probably  as  much  owing  to  the 
thinness  of  the  air  causing  a  difficulty  of  mpiratinn,  as  tu  Ihe  un- 
common fatigue /they  suffered  iu  clinihing  the  hill.  Thejr  guide, 
who  was  a  lliin,  active  old  man,  was  far  from  beiag  affected  iu  the 
Bxiie  manuer,  but  climbed  up  will)  ease  like  a  gout;  for  he  was  one 
of  llie  poor  men  u  ho  earn  iheir  living  by  gathering  brimstone  in  the 
cauldron,  and  other  vulcanoes,  the  peak  itself  being  no  other,  though 
it  bas  not  burned  fur  some  yean :  lor  the  >ugar-Ioaf  is  entirely  com- 
posed of  earlh  mixed  with  ashes  and  calcined  stones,  thrown  from 
the  bowels  of  the  earlh,  iind  the  ereat  square  ).tont-s  before  described 
were  probahlv  thrown,  iu  some  eruption,  out  of  the  cauldron,  or 
hollow  of  the  peak,  when  il  was  a  volcduo. 

Having  surveyed  every  thing  worthy  of  uutice,  they  descended  to 
Ihe  place  where  they  had  left  iheir  harses,  which  to<ik  them  up  only 
half  au  hour,  though  they  were  about  (wo  hours  and  a  half  in 
ascending.  It  was  then  about  ten  in  llie  momijig,  and  tbesuu  shorn 
to  exceedingly  hot,  that  they  were  obliged  to  lake  shelter  in  the 
collage,  aod,  being  extremely  laligned,  laid  them^lves  down  to 
■Icep;  but  the  cold  was  so  intense  iu  the  !ilia<le,  that  they  could  not 
close  their  eyes,  and  Ihey  were  obliged  to  kindle  a  fire  to  render 
Ifaeir  siluBliun  supportable. 

TJiey  were  then  enabled  to  take  some  repose ;  after  which  thfff  * 
mounted  iheir  horses  about  noun,  and  descending  by  the  same  inj 
they  went  up,  came  to  some  pities,  situated  about  two  miles  above 
tbeclouils.  Between  these  pines  and  Ihe  peak  no  herb,  shtub,  tree, 
or  grass  can  grow,  except  ihc  before-mentioned  ralumas.  At  about 
five  in  the  evening  ihey  arrived  at  Oratava,  not  having  alighted  by 
the  way  to  stop,  only  sometimes  to  walk  where  the  road  was  too  < 
sleep  for  riding. 

It  should  seem  that  Mr.  Glas  made  his  journey  up  the  mountaiu 
rather  too  late  in  the  «eason ;  for  Mr.  Anderson,  who  was  surgeon 
OD  board  tlie  Uesolution,  in  Captain  Cook's  third  voyage  round  the 
world,  was  assured,  when  hert',  that  no  person  can  livecomt*ilably 
within  a  mile  of  the  perpendicular  height  of  the  peak  after  the  month 
of  August.  Dr.  Hebcrdeo  made  bis  journey  iu  the  nionth  of  F^ 
bruaiy. 

The  whole  dislasce  tbe;  rode  b  the  five  hours  tpeot  in  coming 
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down  froiii  the  English  pitching-place  to  OroUva,  they  compiilcd  to 
be  about  fifteen  English  miles,  travelling  at  the  rate  of  about  three 
miles  an  hour.    Mr^Glas  supposes  the  perpendicular  height  of  the 
^giish  pitching-place  to  be  about  four  English  iiiiles»  and  addoig 
to  that  a  mile  of  perpendicular  height  from  it  to  the  pe^  ob- 
serves, that  the  whole  will  be  about  five  English  miles,  and  that  k 
is  very  certain  he  cannot  be  mistaken  in  this  caiculatioD  above  a  mit 
either  way ;  but  this  is  merely  conjectural,  being  founded  on  as 
solid  data.     Dr.  Heberden,  who  was  provided  with  fMToper  ioslii* 
ments  to  ascertain  its  height,  and  has  made  the  nicest  observalioai 
at  three  different  thnes>  found  it  to  be  ^66  fiithoms,  or  15,|}f 
Ettglibh  feet,  above  the  level  of  the  sea,  which  is  only  148  yards  k« 
than  three  miles,  reckoning  the  mile  at  ij60  yards :  but  the  Qkm* 
lier  de  Borda,  who  measured  the  height  of  this  moontaiii  ie  tte  vev 
1776,  makes  it  to  he  only  1931  toises,  or  123^0  English  feet.  OpL 
Cooky  in  his  first  voyage^  describes  the  appearance  of  this  moa■laii^ 
when  viewed  from  the  sea  at  sun-set,  as  very  striking;  lor  when  At 
son  was  below  the  horizouji  and  the  rest  of  the  island  aflpeared  eft 
deep  black,  the  mountain  still  reflected  his  rays^  and  glowed  wilk  a 
warmth  of  colour  which  no  painting  can  express.     Mr.  WilUaa  Aa- 
dersou,  already  mentioned,  says  of  the  peak  of  TeneriA*,  ^  It  bco^ 
tainly  far  from  equalling  the  noble  figure  of  Pico,  one  of  ik 
Western  Islands,  though  its  perpendicular  height  may  be  gicalv. 
This  circumstance  perhaps  arises  from  its  being  surrounded  by  other 
high  hills,  whereas  Pico  stands  without  a  rival. 

Though  the  body  of  the  mountain  b  covered  with  clouds,  the  peik 
|s  generally  seen  above  them,  quite  clear,  but  sonietiiu«s  the  cootnny 
happens,  the  whole  body  of  the  niouutain  being  without  a  doadi 
•nd  only  the  summit  of  thepeak  covered  with  a  thick  white  cloud,  si 
with  a  cap.  **  This,*'  sa^fs  Dr.  Heberden^  "  b  often  observed  iotk 
finest  weather,  and  liie  Spaniards,  on  this  occabion*  say^  ''  2f^ 
iiene  su  somirerillo  puesto.  The  peak  has  put  his  little  hat  00  ;"*  and  tbe 
look  on  it  as  a  certain  sign  of  rain.  The  doctor  says  farther,  tint 
during  the  six  or  seven  }ears  that  he  lived  in  the  villa  of  Orotavs, 
where  be  l)ad  a  continual  sight  of  the  peak,  he  never  remembered  oae 
instance  in  which  the  prediction  of  rain  failed.  When  Sir  Joseph 
Banks  visited  this  bland,  the  doctor  presented  him  with  sobm  salt^ 
which  he  collected  at  the  top  of  the  mountain,  which  he  sapposei  Is 
^  the  true  aatrumi  or  nitrum,  of  tht  ancients. 
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SECTION  IV, 

Fokaitoes  of  the  Isle  of  Bourbon, 

The  lace  ti(  the  hie  o(  BouBBON  or  Reunion  is  peculiarly 
volcAuic,  and  studdeil  willi  masses  of  basultic  columns,  of  variou* 
fona»  and  directioos.  M.  Borv  lias  fjivcn  an  iDtciestiug  and  pic* 
torque  description  of  these,  in  liis  "  Voyage  dans  les  >]ualres 
principales  Isles  des  Mers  d'Afrique,"  priiiled  at  Paris  1B04,  in 
9  *oU.  8vo.  The  principHl  summit  of  ibe  volcano  is  allowed  to  re* 
tain  the  appellation  of  AJoicarmhas.  after  the  name  of  the  Portuguete 
adniirat  by  whom  th«  island  was  first  dbcovered.  "  The  small  hill," 
anyt  ill.  Bory,  "  at  tike  basis  of  which  we  were  now  arrived,  after  so 
much  fatigue,  is  about  a  hundred  and  iitly  feet  in  height.  It  did  not 
appear  tn  us  Iruneated,  and  we  sdod  climbed  it.  though  the  side* 
lie  very  steep,  so  as  to  form  with  the  horizon  an  angle  of  more  tiiaa- 
eiybty  degrees.  They  are  composed  of  little  currents  of  glassy 
Mcorite,  spongy,  very  liglit  and  brittle,  aiid  exteriorly  of  a  brown  co- 
lour, with  metallic  or  red  rcHectious  from  the  pores.  This  volcauic 
substauce  is  easily  broken  with  the  fiiigers,  and  reduced  to  brilliant 
dust,  which  resembles  avcuturiiie.  From  the  top  of  the  Piton  wfl' 
perceived,  on  the  right  and  the  left,  parts  of  the  circumference  of 
two  immense  craters,  which  induced  us  to  call  this  the  central  hill. 
The  access  of  this  central  hill  i»  nearly  perpendicular ;  and  on  tbc 
•ummit  is  a  round  hole  about  forty  fathoms  iu  diameter,  and  eighty 
feet  in  depth.  The  bottom  of  this  crater  was  filled  with  fragincnto 
of  greyish  lava,  piled  without  aoy  order,  while  the  sides-were  very 
ihin  and  much  scorified  on  the  outside  ;  and  were  not  covered  with 
any  sort  of  varnish,  nor  with  that  lava  in  tears  or  drops,  winch  ia 
general  clothe  the  other  vents.  Tliey  are  formed  of  contused  frag- 
ments of  different  bard  and  grey  lavas,  compact,  or  porous.  Frou 
some  rents  there  arose  light  vapowri,  leaving  yellow  traces  of  sub- 
limated sulphur,  on  the  spots  exposed  to  their  contact.  At  one 
place,  where  a  projecting  rock  formed  a  cornice,  stopping  for  a  while 
one  of  tliese  cords  of  vapour,  it  was  dissolved  in  drops  of  water  to  a 
considerable  quantity. 

"  Id  general  a  very  false  idea  is  formed  of  volcanoes,  and  many 
works  which  pretend  to  describe  Ibcm,  paint  them  very  different  fr«iii 
what  they  are.    If  we  believe  many  travellers,  od  the  brink  of  « 
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OaTifero  mate  more  than  half  a  mile  wide;  bat  tiioiigli 
fmnerij^  h  has  not  emitted  flames  oi  late.  In  the  hiat  ccntaiji 
howefcTy  it  still  contimKd  to  emit  flames  and  ashes,  the  last  «f 
irhich  overspread  the  oountrjr  to  a  considerable  extent.  litaccihiuth 
appears  to  have  been  exhausted  for  a  longer  period  than  the  pre. 
ceding.  Both  tbtwt  mountains,  like  Orixava*  hate  thtir  summits 
covered  with  perpetual  snow,  m  sUch  quantities  aft  to  supply  the  roe* 
tropolis  and  the  adjacent  conntiy  for  forty  miles  round,  as  an  article 
of  luxury  to  the  wealthy. 

All  the  others  we  have  enumerated  have  been  quiescent,  perhaps 
Imniemorially,  except  Jorullo,  which  is  the  most  smgnlar  of  the 
whole  5  and  whose  history,  therefore,  we  shall  give  more  at  bqee 
from  the  very  interesting  account  of  it,  lately  published  by  iL 
Humboldt. 

"  The  grand  catastrophe,"  says  b^, "  in  which  this  volcanic  mona- 
tain  issued  from  tlie  earth,  and  by  which  the  face  of  a  considerable 
extent  of  ground  was  totally  altered,  was  perhaps  one  of  tbe  RMit 
extensive  jAysical  changes,  that  the  history  of  our  ^obe  tfxhftil& 
Geology  points  out  spots  in  the  ocean,  where,  within  the  last  twd 
years,  volcanic  blets  have  arisen  above  the  surfeoe  of  the  sea,  al 
bear  the  Azores,  in  the  Archipelago,  and  on  the  sooth  of  leelaad: 
but  it  records  no  instance  of  a  mountain  of  soorim  and  asbes^  517 
met.  [56$  yards]  above  tlie  old  level  of  the  neighbouring  plains^  sud^ 
ilenly  formed  in  the  centre  of  a  thousand  small  burning  cones,  thirty* 
'ftix  leagues  from  the  shore,  and  forty-two  leagues  from  sny  other 
Volcano*  This  phsenomeuon  remained  unknown  to  the  mineralogirti 
and  natural  philosophers  of  Europe,  tiiongh  it  took  place  but  ifly 
years  ago,  and  within  six  days  journey  of  the  capital  of  Mexico. 

*'  Decendhig  from  the  central  flat  towards  the  coasts  of  the  Vwdiit 
ocean,  a  vast  plain  extends  from  the  hills  of  Aguasarco  to  tbe  vi* 
biges  of  Toipa,  and  Patatlan,  equally  celebrated  for  their  fine  cottai 
plantations.  Between  the  picachos  del  Mortero  and  the  cerras  dt 
las  Cuevas  and  de  Cuiche,  this  plain  is  only  from  750  to  800  mcL 
[620  to  880  yards]  above  the  level  bf  the  sea.  Basaltic  bills 
the  midst  of  a  country,  in  which  porphyry  with  base  of 
predominates.  Their  summits  are  crowned  with  oaks  always  m  ver* 
dure,  and  the  foliage  of  laurels  and  olives  intermingled  wkh  dwarf 
fan  palms.  This  beautiful  vegetation  forms  a  singular  oonltaat  wM 
tta  arid  piain,  which  has  been  laid  mHrte  by  vokaaitt  fire« 


To  ll)F  niiditlc  or  \\ie  eiglitrcnth  century  fiddi  of  sitgar-caiiea  luitl 
indigo  extended  betwpwi  two  rivtilels.  railed  CiiltiiiiJia  and  Sau  Pertro. 
Tliej' wereshirleilb^bnsalliciiiouniuiiis,  llK^!itrLicturi-of  wliidi  teeua 
Irt  indicate,  liial  all  (lie  country,  in  remote  periiid*,  lias  several 
dints  experienced  the  violent  actlou  of  voIcanoeB.  Tliese  fields,  ir- 
I  rigaled  by  art,  belouged  to  tlie  estate  of  San  Pedro  de  J6- 
~  rullo,  or  Xorullo,  one  iif  the  largest  and  most  valuable  in  the 
country.  In  the  inoitti)  of  June,  t/sp,  fearful  riimliling  nnisei 
were  accompanied  with  frtqiienl  shocks  of  an  earthquake,  wbtch 
succeeded  each  other  a(  intervals  for  fifty  or  sfsty  da_v*,  aiitl  threw 
Ihe  inhabitants  oCthe  estate  into  the  greatest  conslernatlon.  From 
■be  beginning  of  the  month  of  September,  every  tiling  seemed  per- 
fectly  nuKt,  when  in  the  night  of  the  2eih  of  that  month  a  terrible 
subterranean  noise  was  beard  anew,  Tlie  frightened  Indians  fled 
to  Ihe  mounlainsof  Ajuasarco.  A  sp»ce  of  three  or  four  square 
miles,  known  by  the  name  of  Malpays,  rose  in  the  shape  of  a  blad- 
der. The  boundaries  of  this  rising  are  si  til  distinguishable  in  tbe 
ruptured  strata.  The  Malpays  towards  the  edge  is  only  12  met. 
[13  yards]  atMve  Ihefunner  level  of  the  plain,  called  las  playas  de 
Jonillo  ;  but  ibe  convexity  of  the  ground  increases  progressively 
(owards  the  centre,  till  it  rraebes  Ihe  height  of  l60  met.  [175 
yard*.] 

They  whowilnessed  this  grand  catastrnphe  from  Ihe  topofAgua- 
■arco  assert,  that  they  saw  flames  issue  out  of  tbe  ground  for  the 
space  of  more  than  half  a  league  square  ;  that  fragments  of  reil  hot 
rocks  were  thrown  lo  a  prodigious  height:  and  thai  through  a 
thick  cloud  of  ashes,  illumined  by  the  volcanic  Are,  and  resembling 
a  stormy  sea,  tbe  softened  crust  of  Ibe  earth  was  seen  to  swell  up, 
Tlie  rivers  of  Cuittniba  and  San  Pedro  then  precijiilated  themselves 
into  the  burning  crevices.  The  decomposition  of  tbe  water  contri- 
buted to  reanimate  the  flames,  which  were  perceptible  at  the  city  of 
Pascuorn,  though  standing  on  a  very  wide  plain  1100  met.  [1530 
yards]  above  the  level  of  Ihe  playas  de  Jorullo.  Eruptions  of  mud, 
particularly  of  Uie  strata  of  clay  including  decomposed  nodules  of 
basaltes  with  concentric  layers,  seem  to  prove,  that  subterranean 
waters  had  no  small  part  ui  this  extraordinary  revolution.  Tbousandi 
of  small  coties,  only  two  or  three  yards  high,  which  the  Indians 
call  ovens,  issued  from  Ihe  raised  dome  of  the  Malpays.  Though 
Ibe  lieat  of  these  volcanic  ovens  has  diiuioisheJ  greatly  within  thes« 
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fifteen  jcarsy  acoordiug  to  tbe  tesUmony  of  the  IndianSy  I  found  the 
tbermometer  rite  to  95^  [if  centig.  203*  F.]  in  the  crevices  that  ernitted 
■a  aqueous  vapour.  Each  little  cone  is  a  chimney,  from  which  a 
thick  smoke  rises  to  the  height  of  tenor  fifteen  met.  [1 1  int  16  yards]. 
In  several  a  subterranean  noise  n  heard  like  that  of  some  flui  J  hoiUag 
at  no  great  depth. 
Amid  these  ovens,  in  a  fissoret  the  direction  of  which  is  from 
*  N.  N.  E.  to  S.  S.  Em,  six  large  hummocks  rise  400  or  500  met. 
[4i0  or  550  yards]  above  the  old  level  of  the  plain.  Tim  is  tht 
phenomenon  of  Monte  Novo  at  Naples  repeated  several  tiroes  in  a 
row  of  volcanic  hills.  The  loftiest  of  these  huge  hummocks,  which 
reminded  ine  of  the  district  of  Auvergue,  is  the  lar|*e  volcano  of 
Jonillo.  It  b  constantly  burning,  and  has  thrown  out  on  tbe  nnrth 
side  an  immense  quantity  of  scorified  and  basaltic  lava,  including 
fragrocuts  of  primitive  rocks.  These  grand  eruptions  of  the  central 
volcano  continued  till  February  17fiO.  In  the  succeeding  yean 
they  became  gradually  less  frequent.  The  Indians,  alarmed  by  the 
horrible  noise  of  the  new  volcano,  at  first  deserted  the  villages  lor 
seven  or  eight  leagues  round  the  plain  of  Jomllo.  In  a  fewmontki 
they  became  fiiiniliar  with  the  alarming  sight,  returned  to  their  hats 
and  went  down  to  the  mountains  of  Aguasarco  and  Santa  lues^  to 
admire  the  slieaves  of  fire  throurn  out  by  an  infinite  nnml>er  of  large 
and  small  volcanic  openings.  Tlie  ashes  then  covered  tbe  houses  of 
Qtieretoro,  more  than  48  leagues  [120  milf  s]  iu  a  ri^^lit  line  from  tlie 
place  of  the  explosion.  Though  tbe  subterranean  fire  appears  to  be 
in  no  great  activity  *  at  present,  and  the  Malpays  and  the  great  vol- 
cano  begin  to  be  covered  with  vegetables,  we  found  the  air  so 
heated  by  the  little  ovens,  that  in  the  sliad^  and  at  a  ronsideralile 
distance  from  the  ground,  the  thermometer  rose  to  43""  (I09*4''fj. 
This  fact  evinces,  that  there  is  no  exaggeration  in  the  re)H>rt  of  soine 
of  the  old  Indians,  who  say^  that  the  plains  of  Jorullo  were  uoinlia- 
bitable  for  sevci  al  years,  and  even  to  a  considerable  distauce  from  tbe 
ground  raised  up,  on  account  of  the  excessive  heat. 


•  Id  the  bottom  of  the  crater  we  found  the  heat  of  the  air  47''  [I16>6^F  ] 
EBd  in  tome  places  »8°  and  6CP  [136*4®  anrf  14(f  ]  •  We  had  tn  pass  over  crncki 
^ihalinf;  sulpharoat  Tapoars,  in  which  the  thermometer  roM>  to  85**  [185^]* 
From  tliese  cracks,  and  tbe  heaps  of  tcorie  thai  cover  coihiderable  lioUowsi 
the  descent  into  the  crater  is  not  wilhoat  danger. 
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Near  tlie  c«rro  ofSanra  Ines  Die  travelkrit  (till  shewn  the  cbanneb 
of  CiiiliiuLtiiiindSan  l^ro,  Ibc  limpid  waters  of  wlikli  formerly  re- 
fmlied  llie  si%'ar'Cuim  on  rbe  esmie  of  Doo  Andrew  Fitneatal. 
TliMcspriu^iwerclo^t  in  the  night  of  llie  29th  of  September,  17^9: 
Itut  2G0Uiiiet.  (near  22CO yards)  to  the  westward,  in  the  aoil  that  hai 
been  elcv.iled,  two  rivulets  are  teen  to  break  out  of  the  clayey  dome 
of  llie  funiaces,  exhibilitig  (henueU es  as  thermal  waters,  in  which 
Ibe  thmiiomeler  rises  to  917°(126-86°F.)  The  Indians  iliil  give 
these  the  oankcs  of  San  Pedro  and  Cuilimba,  because  in  several  parts 
of  llic  Malpiiys  idrgc  bodies  of  water  are  supposed  to  be  heard  run- 
ning from  east  to  west,  from  t)ie  mountains  of  Sanin  Ines  to  the  es- 
tate of  the  Prescniatina.  Nt>ar  thu  estate  is  a  brook  that  emits 
sulphuretted  hydrogen  gat :  it  is  more  than  7  met.  (near  6  yards) 
iridc,  and  is  the  luosi  copious  hidrosulpliurous  spring  1  ever  saw. 

In  the  Apiuioii  of  tiie  natives  these  extraordinary  changes  I  have 
described,  the  crust  of  earth  raised  and  cracked  by  volcanic  tire, 
tlic  mounlaini  of  scoriae  and  uhes  heaped  up,  are  the  works  of 
inonkt;  t  lie  greatest,  no  doubt,  they  ever  prodaccd  in  either  he - 
itiisphere.  Our  Indian  host,  at  llic  hut  ive  inhabited  tn  the  plain  of 
Jorulln,  Inid  us,  thai  some  misiiomiry  capuchins  preached  at  the 
estute  of  S:in  Pedro,  and.  not  meetiitg  a  fuvourabie  reception,  ut- 
tered the  most  horrible  and  complicated  imprecations  against  this 
plain,  then  so  beautiful  and  firrtlle.  They  prophesied,  thai  the  ej- 
lule  should  first  be  swallowed  np  by  flames  issuing  out  of  the  bowels 
of  the  earth  ;  and  that  the  air  should  aflennrd  be  cooled  to  such 
a  decree,  that  the  neighbouring  raounlains  should  remain  for  ever 
covered  with  ice  and  snou-.  The  first  of  these  maledicIioDs  having 
beet)  to  fatally  veritied,  the  common  people  foresee  iu  the  gradual 
cooling  of  the  volcano  the  presage  of  a  perpetual  winter.  I  have 
thought  il  right  to  mention  this  vulgar  iradiiion,  worthy  a  place  in 
llic  epic  poem  of  the  Jesuit  Landivar,  because  it  exhibits  a  striking 
ft'»luTe  of  tlie  maimers  and  prejudices  of  these  remote  countries. 
Il  shews  the  active  industry  of  a  class  of  men,  who,  too  frequently 
ahusin<:  the  credulity  of  the  people,  and  pretending  to  possess  ibe 
power  of  suspendmg  the  immutable  laws  of  nature,  know  how  lo 
■vail  tliejiisehes  of  every  event  foreslablishing  their  empire  by  the 
Introf  jihysical  evil. 

The  situation  of  the  iietr  volcano  of  Jorullo  leads  to  a  verv  cu- 
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riouf  gtol«f  ical  observation.  It  b  well  known  to  geognphers, 
that  tbere  b  m  New  Spain  a  line  of  great  beighti^  or  a  naf 
row  aune  included  between  the  latilodet  of  1 8^39^  and  19^  I  ^, 
in  y^hkli  are  all  the  summits  of  Anabuac  tbat  rise  above  tbe  regioB 
of  perpetual  snow.  These  summits  are  either  Tolcaooes  still  actually 
burning ;  or  iuountaius»  the  fonn  of  which,  as  well  as  the  nature  <^ 
their  rockst  renders  it  extremely  probabb »  that  tbey  formerly  eon« 
tained  subterranean  lire.  Settmg  out  from  the  coast  of  the  Golf  of 
Mexico,  and  proceeding  westward,  we  find  the  peak  of  Oribasaj  the 
two  volcanoes  of  la  Puebia,  the  Nevado  de  Teloca,  the  peak  of 
Tancitaro,  and  the  volcano  of  Coiima.  These  great  heighfa»  hvftad 
of  forming  the  ridge  of  the  cordillera  of  Anahnac»  and  following  ito 
direction,  which  is  from  S.  £•  to  N.  W.  are  on  the  coatisry  in  aUae 
perpendicular  to  the  aais  of  the  great  chain  of  rooontama.  It  is  eer* 
t!|bly  worthy  of  remark,  that  in  the  year  1759  the  new  vdcano  of 
JoruUo  was  formed  in  the  contmuation  of  this  lioe^  and  on  the  ff*^ 
paratlel  as  the  ancient  Mexican  volcanoes. 

A  view  of  my  plan  of  the  euvirons  of  Jorullo  will  shew,  tlwt  the 
six  large  hummocks  have  risen  out  of  the  earth  on  a  vein  that  croaMs 
the  plain  from  the  cerro  of  las  Cuevas  to  the  picbaco  del  Montera 
The  new  n]iouths  of  Vesuvius  too  are  fotiad  ranged  along  a  fissure. 
Do  not  these  analogies  give  us  reason  to  suppose,  that  there  exbts  in 
this  part  of  Mexico,  at  a  great  depth  within  the  earth,  a  fissure 
stretching  from  east  to  west  through  a  space  of  137  leagues  [543 
miles],  aud  through  which  the  volcanic  fire  Itts  made  its  way  at  dif- 
ferent times,  bursting  tlie  outer  crust  of  poiphyritic  rocks,  from  tbe 
coast  of  the  Gulf  of  Mexico  to  the  South  Seal  Is  this  fissure  pro- 
longed to  that  little  group  of  islanda^  called  by  CoHuet  the  Archi- 
pelago of  Regigedo,  aud  round  which,  in  the  same  parallel  with  the 
Mexican  volcanoes,  pumice-stone  has  been  seen  floating  ?  NaturalisH 
who  distinguish  the  facts  offered  by  descriptive  ntinermlogj  from 
theoretical  reveries  concerning  the  primitive  state  of  our  planet,  wiH 
pardon  me  for  having  consigned  these  observations  to  tbe  general 
map  of  New  Spam,  contained  in  the  Mexican  Athui. 

IHmmMdi,  mt  ahpe.] 
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SECTION  11. 

Volcanoes  of  New  Grenada. 

These  are  chiefly  to  be  oiet  with  on  the  summits  of  the  enormout 
■lOttDtaios  io  tlie  vircrovalty  of  New  Qrenadu^  aiid  io  the  neigh* 
bourhood  of  the  city  of  Quito.  I'he^e  mountaios  constitute  some 
of  the  graudest  objects  ii^  natural  geography,  being  luany  of  them 
the  lo^^iest  on  the  face  of  tlie  globe*  while  their  volcanoes  are  of  a 
most  sublime  and  horrible  character.  The  most  celebrate  of  these 
elcmteil  excavations  are,  Chimborezo,  Cotopoxi,  Sangai,  l^irlni^cl/a, 
and  Anfbanasf  mast  of  them,  however,  have  expended  theftiselve^, 
except  Sangai  and  Cotopoxi. 

Cliimborazo,  the  loftiest  of  the  whole,  about  a  hundred  English 
niles  to  tlie  sooth  of  Quito,  and  about  ten  to  the  north  of  Riobaiibba» 
b  computed  by  Bonguer  to  be  3217  French  toises,  or  20,280  fett 
above  the  level  of  the  sea;  and  consequently  to  be  about  d,CO0  feet, 
or  one  quarter  higher  f  ban  Mount  Blanc  :  its  region  of  perpetual 
suow  extends  to  about  2,400  feet  from  the  summit. 

The  next  loftiest  raountaififis  Cotopaxi,  estimated  at  about  18,500 
feet,  and  situated  at  about  twenty-five  miles  to  the  south  (^ast  of 
Quito.  Pkhioclra,  lies  still  nearer  to  the  capital,  but  In  a  souths 
westerly  directioo ;  and  Altar  and  S.mgai  to  the  south-east. 

Thb  last  is  a  paramo  \  or  vas^t  dese/i,  llie  summit  alwa^^s  ooi/^elied 
with  snow.  It  is  a  perpetual  volcano,  whose  fire  is  continually  seen, 
and  whose  explosions  are  heard  at  a  distance  of  ibrty  leagues.  The 
atyacent  country  is  entirely  barren,  in  consequence  of  beiug  covered 
with  the  cinders  ejected  from  its  raodth.  In  this  motratain  rises  the 
river  Scagui,  which  being  joined  by  the  Upano,  formH  tb<i  Pa^ra,  i 
large  river,  which  discharges  itself  into  the  river  Maranon,  or  river 
of  Amasona. 

Cotopoxi  it  8up|K>sed  to  have  become  i  volcano  about  the  time 
when  tlie  Spaniards  first  invaded  the  country ;  and  Ulloa  asserts 
that  it  ejected  stones  of  eight  or  nuie  feet  in  diameter,  to  a  distaoce 
of  more  tbau  nine  miles.  A  new  eruption  occurred  in  1/43,  which 
had  been  for  some  days  preceded  by  a  continual  mterior  rumblin^f 

•  A  Spaohh  term  contracted  from  par  tremo,  eremitical,  bermetical, 
hermit-like,  niitary.— £i«l«r. 
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Doiae ;  after  which  an  aperture  was  made  io  its  suminit»  as  al^o  three 
others  near  the  middle  of  its  dedivity;  which  parts,  when  the 
eruption  commenced^  were  buried  under  prodigious  masses  of  snow. 
The  ignited  substances  which  were  ejected,  being  mingled  with  a 
considerable  quantity  of  snow  and  ice,  melting  amidst  the  flames, 
were  carried  down  with  such  amazing  rapidity,  that  the  plain  hmn 
Callo  to  Latacunga  was  overflowed,  and  all  the  lioii8es>  with  their 
wretched  inhabitants,  were  swept  away  in  one  general  and  inslanta* 
neons  destruction.  The  rirer  of  Latacunga  was  the  leceplade  ef 
this  dreadful  flood,  till  beconung  swollen  above  its  banks,  the 
torrent  rolled  orer  the  aiyacent  country,  contimnng  to  aweep  away 
houses  and  cattle,  and  rendered  the  land  near  the  town  of  the  sane 
name  as  the  rtrer,  one  tast  lake.  Here,  however,  the  kifaabitants 
had  suflkient  warning  to  save  their  Kves  by  flight,  and  letreated  to  a 
more  elevated  spot  at  some  dislance.  Diirii^  three  ds^  the  vol- 
cano ejected  dnders,  while  torrents  of  hvat  with  ndted  ioe  and 
snow,  poured  down  the  skks  of  the  mountain.  The  eruption  eon- 
tinned  for  several  days  longer,  accompanied  with  terrible  roaringi 
of  the  wind,  rushmg  throogli  the  craters  which  had  been  opened. 
At  length  all  was  quiet,  and  neither  smoke  nor  fire  was  to  be  seen; 
until,  m  May>  1744,  the  flames  forced  a  passage  through  aeveral  other 
parts  ou  the  sides  of  the  mountain ;  so  that  m  clear  nights,  the 
flames,  being  reflected  by  the  transparent  ice,  eihibited  a  verygrand 
and  beautiful  illumination.  On  November  13th  followh^,  it  emitted 
such  prodigious  quantities  of  fire  and  lava  that  an  inundation  equal 
to  the  former  soon  ensued  i  and  the  inhabitants  of  the  town  of  Lata- 
cunga,  for  some  time,  thougiit  their  ruin  h-remediable.  The  roar- 
ings of  the  volcano  are  said  by  Humboldt  to  have  been  heard  at  iwm 
hundred  and  tweniy  leagues  dbtance. 

Nothing,  however,  can  equal  the  fertility,  pure,  etherial  atmo- 
sphere, and  picturesque  beauty  of  the  sides  of  the  mountain,  which 
have  generally  been  described  as  a  terrestrial  paradise  ;  in  come- 
quence  of  which  alone  the  iuhabitatits  still  adhere  to  this  stupendous 
region,  and  dare  the  dangers  of  its  eruptions  and  earthquakes. 

The  most  horrible  visitation  of  this  double  kind  to  which  they 
have  been  exposed,  occurred  on  Febniary  4,  1797 »  about  e^t 
oVlock  in  the  morning.  At  Quito  little  damage  was  sustained,  hot 
the  subtffrranean  thunder,  and  the  shocks  repeated  every  six  hours, 
occasioned  indescribable  horror  and  dismay.  On  the  day  ensaiqg, 
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it  wui  known,  lowarJi  ili«  evening,  that  Latacungn,  and  all  lli« 
haiiikis  in  it*  corregiunietito,  were  uKerly  destmjeit,  not  one  stoat 
remaining;  upon  another.  MnUilude*  of  penoiii  pcrialied,  and  tli« 
■tend]  of  lliedvati  Uadlea  itifecled  the  aiirvivois.  Various  mo uul 4 in ( 
*(>iit  n«ar  Anibulu,  and  by  llicir  siiddeo  tall  producnl  &lill  givulet 
dnlructitm  uKiong  the  butuan  race.  Quero,  n-iih  alt  lis  people, 
wu  buried  in  aii  instant  by  a  cliff  wliicli  fell  on  the  town.  PfMco 
wa*  over  A'lit.'ltiii.'tl  by  a  slream  of  water  and  ninil  ;  llie  circtimjacent 
Isiitl^  weie  all  transposed  ;  and  a  deadly  silence  bclruyed  lite  general 
lutii.  Tlie  elei-aiit  tuwn  of  Riobamba  became  a  heap  of  wreck  and 
desolation,  aaU  sliorlly  at'terwardi  totally  ilisappearcd :  tbr  the  pvak 
of  Stcalpa  fulling  an  tbc  town,  and  daniining  up  the  two  rivers  tliut 
puK  by  it,  furiued  a  lake,  so  tlial  even  the  ruins  of  the  ton  n  were 
uot  visible.  Of  nine  thousand  inliabit3i)ts,  only  about  four  hundred 
cacaped.  Alansi  and  Guaranda  also  suffered  cxireuiely.  Tiicfale 
uf  Cueiica,  Lcja,  Jaen,  and  Guayaquil,  was  at  that  litiie  unknown; 
but  llie  shucks  do  not  appear  to  have  eitcuded  so  far,  TItc  adjoin- 
ing volcano  Tungarunga  seems  to  have  united  in  ihc  fury  ;  as  ex- 
tensive sulilcrrainan  thunder*  proceeded  from  this  last  quarter,  and 
the  most  fcdrful  mischief  was  in  its  vicinity.  Towards  the  north  llic 
cdtijiqnakewas  fauitly  perceived  at  Pasto. 

We  caimot  give  a  better  account  uf  what  may  be  called  the  present 
•lalu  of  llic  country  titan  in  the  following  words  uf  M.  Humboldt, 
w  ho  has  visited  it  since  the  above  devastation. 

We  arrived  ul  Quito,  by  crossif^lhe  snows  of  Quiridien  and  To* 
lima,  for  an  the  cordillera  of  lite  Andes  forms  three  lieparate  branches, 
and  at  Santa  I'e  ile  Bogoto,  we  were  on  the  easternniosi,  jt  was 
accessary  fur  m  to  p^ss  (he  lofliesl,  in  order  to  reach  ttiu  coast  of 
llie  Pacific  uccan.  We  travelled  on  foot,  and  ipenl  itcveiiicen  days 
in  these  deserts,  in  which  arc  to  be  found  no  traces  of  their  ever 
II  liaving  been  inhabited.  We  slept  in  huts  made  ot  the  leaves  of  Uic 
lielicoiiia,  whJdi  we  carried  with  us  for  the  purpose.  Descending 
tile  Aade*  to  the  west,  there  are  marslies,  in  which  you  sink  up  to 
llie  knees.  The  latter  part  of  the  time  we  were  deluged  with  tain  : 
our  buotk  rotted  on  our  legs ;  and  we  arrived  barefoot  at  Carthago, 
but  enriched  with  a  fine  collection  of  new  plants,  of  which  1  have  a 
gicat  number  uf  drawingi. 

From  Carthiigo  w*  went  to  Popayao,  by  way  of  Buga,  crossing 
the   beautiful   vale  ^f  tbc   river    Caucs,   and  having  caiidanlly 
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at  one  side  the  niouotain  of  Clioca»  io  wliicb  are  the  mines  of 
Platiua. 

We  staid  during  tlie  month  of  November  1801 »  at  Popayan. 
visiting  the  Ba^ltic  mountains  of  Julusuito;  the  mouths  of  the  voU 
caiio  of  Purace,  which  evolvey  with  a  dreadful  noise,  vapours  of 
b^drosulphurated  water;  aud  the  porpbyritic  granites  of  Piscbe» 
which  form  columns  of  live,  six.  or  seven  sides,  similar  to  those  I 
remember  I  saw  in  the  £uganeau  mountains  in  Italy,  which  Strange 
has  described. 

In  travelling  from  Popayan  to  Quito,  we  had  to  cross  the  paramos 
of  PastOy  and  this  in  the  rakiy  season.  Every  place  in  the  Andes, 
where,  at  the  height  of  3500  or  4000  yards,  vegetation  ceases,  and 
the  cold  penetmies  to  the  very  marrow  of  ypur  bones,  b  called  a 
paramo.  To  avoid  the  heats  of  the  valley  of  Patia,  where,  in  a 
smgle  night,  a  fever  may  be  caught,  that  will  last  three  or  four 
months,  we  passed  the  summit  of  the  Cordillera,  traversing  frightful 
precipices.. 

We  spent  our  Christmas  at  Pasto,  a  little  town  at  the  foot  of  a 
tremendous  volcano,  wbere  we  were  entertained  with  great  hospita- 
lity. The  roads  leading  to  and  from  it  are  the  most  shocking  in  the 
world.  Thick  forests,  between  marshes,  in  which  the  mules  sink  np 
to  their  bellies ;  and  gullies  so  deep  and  narrow,  that  we  seemed  en- 
tering the  galleries  of  a  mine* 

The  whole  province  of  Pasto,  including  the  environs  of  Guachucal 
and  Tuqueres,  is  a  frozen  plain,  nearly  beyond  the  point  where 
vegetation  can  subsist,  and  surrounded  by  volcanoes  and  sulphur- 
pits,  continually  emitting  volumes  of  smoke.  The  wretched  inha* 
bitants  of  these  deserts  have  no  food  but  potatoes :  and  if  these  fail, 
as  they  did  last  year,  tiiey  go  to  the  mountains  to  cat  the  stem  of  a 
little  tree  called  achupalia  {pourretia  pUcamia)  ;  but  the  bears  of 
the  Andes,  as  they  too  feed  on  it,  often  dispute  it  with  them.  On 
the  north  of  the  volcano  of  Pastp,  I  discovered  in  the  little  Indian 
village  of  Voisaco,  19OO  yards  above  the  level  of  the  sea»  a  red 
porphyry,  with  base  ot  argil,  enclosing  vitreous  feldspar,  and  honh 
bltnde,  that  has  all  the  properties  of  the  serpentine  of  the  Flchielge* 
Urge,  This  porphyry  lias  very  distinctly  marked  poles,  but  no 
attractive  power.  Near  the  town  of  Ibarra,  we  nearly  escaped 
being  drowned  by  a  very  sudden  swell  of  the  water,  accompamed 
with  shocks  of  an  eartliquake. 
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Wa  reacbMl  Quito  on  die  6th  of  Jaouw7 1802.  It  b  a  hmndtoin^ 
city ;  but  the  tky  is  commonly  cloaded  and  gloomy.  The  neigh* 
bouring  mouulaios  exhibit  little  verdure,  aud  the  cold  is  very  consi- 
den^ble.  The  great  earthquake  on  the  4th  of  February  I797;  which 
changed  the  face  of  the  whole  province^  and  in  one  instant  destroyed 
thirty*five  or  forty  thousand  persons  has  so  altered  the  tempera- 
ture of  the  air,  that  the  thermometer  is  now  commonly  41^  to  54^, 
and  seldom  rises  to  68*"  or  Jif,  wliereas  Bouguer  observed  it  con- 
stantly  at  66**  or  68^.  Since  this  catastrophe*  earthquakes  are 
continually  recurring ;  and  such  shocks !  it  is  probable,  that  all  the 
higher  ground  is  one  vast  volcano.  What  are  called  the  mountains 
of  Cotopo\i  and  Pichincha,  are  but  little  summits,  the  craters  of 
which,  form  difiertMit  conduits  terminating  in  the  same  cavity.  Tha 
earthquake  of  1797*  afforded  a  melancholy  proof  of  this ;  lor  the 
ground  then  opened  every  where,  and  vomited  forth  sulphur^  water, 
&c.  Notwithstanding  the  dangers  and  horrors  that  surround  them, 
the  people  of  Quito  are  gay,  lively,  and  sociable;  and  in  noplace  did 
I  ever  see  a  more  decided  and  general  taste  for  pleasure,  luiury, 
and  amusement.  Thus  man  accustoms  himself  to  sleep  tranquilly 
on  the  brink  of  a  precipice, 

I  was  twice  at  the  mouth  of  the  crater  of  Pichincha,  the  motm- 
taiu  that  overlooks  the  city  of  Quito.  I  know  of  no  one  but 
Condamiue,  that  ever  reached  it  before ;  and  he  was  without 
instruments,  and  could  not  stay  above  a  quarter  of  an  hour,  on 
account  of  the  extreme  cold .  I  was  more  successful.  From  the 
edge  of  the  crater  rise  three  peaks,  which  are  free  from  snow,  as  it 
is  contuiually  melted  by  the  ascending  vapour.  At  the  summit  of 
one  of  these  I  found  a  rock,  that  projected  over  the  precipice,  and 
hence  I  made  my  obsenrationa.  This  rock  was  atM>ut  twelve  feet 
long,  by  sht  broad,  ami  strongly  agitated  by  the  frequent  shocks,  of 
which  we  counted  eighteen  in  less  than  half  an  hour.  We  lay  on 
our  bellies,  the  better  to  examine  the  bottom  of  the  enter.  Tlie 
mouth  of  the  volcano  forms  a  circular  hole»  near  a  league  in  cir« 
cumferenoe,  the  perpendicuhu' edges  of  which  are  covered  with  snow 
on  the  top.  The  inside  is  of  a  deep  black ;  but  the  abyss  b*  so  vastj 
that  the  summits  of  several  mountains  may  l>e  distinguished  in  it. 
Their  tops  seemed  to  be  six  hundred  yards  below  us,  judge  tbeu 
where  tbeir  bases  must  l>e.  I  have  no  doubt  that  the  bottom  of  the 
crater  b  on  a  level  with  the  city  of  Quito.    Condamine  found  it 
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extinct,  and  even  covered  frith  snow ;  bat  we  liid  to  report  tbe 
unpleasant  news,  that  it  was  burning.  On  my  second  visits  beiog 
better  hirnislied  with  nistrumentSy  I  found  the  diameter  of  tlie 
crater  to  be  1600  yards,  whereas  that  of  Vesuvius  is  but  670.  The 
height  of  the  niountaiu  is  5280  yards* 

WiK'Q  we  visited  the  volcano  of  Antisana*  the  weather  was  so  fa- 
voumbie,  that  we  reached  the  height  of  5915  yardu*  In  this  lofty 
region,  the  baromtter  sunk  to  14  inches  7  lines,  [15.6  Eng.]  and 
the  tenuity  of  the  air  occasioned  the  blood  to  issue  from  our  lips, 
gums»  and  even  eyes :  we  felt  extremely  feeble,  and  one  of  our 
company  fainted  away.  The  air  brought  from  the  loftiest  point  we 
▼isited,  gave  on  being  analysed  0.218  of  oxigen  gas,  and  0.006  of 
oirbonic  acid. 

We  visited  Cotopoxif  but  could  not  reach  tlie  mouth  of  the  crater. 
The  assertion,  that  this  mountain  was  diminished  iu  height  by  the 
earthquake  of  1797>  is  a  mistake. 

In  June  we  prcKeeded  to  measure  Chimboraco  and  Tmiguragua, 
and  take  a  plan  of  all  the  country  affected  by  the  gninfl  catastrophe 
of  1 797.  We  approached  within  about  500  yards  of  the  stmimit  of 
Chimboraco,  our  ascent  being  facilitated  by  a  line  of  volcanic  rocks 
uncovered  with  snow.  The  height  we  reached  was  6i65  yards ;  and  we 
were  prevented  from  ascending  farther  by  a  chasm  too  deep  to  cross. 
We  felt  the  same  inconveniences  as  on  Antisana;  and  were  unwell 
for  two  or  three  days  after.  The  air  at  this  height  contained  0.20 
of  oxygen.  The  trigonometrical  measurement  I  took  of  the  moun- 
tain at  two  different  times,  and  I  can  place  some  confidence  in  my 
operations,  gave  me  for  its  height  697O  yards,  a  hundred  more  than 
Condamine  assigns  it.  The  whole  of  this  huge  mass,  as  of  all  the 
high  mountains  of  the  Andes,  is  not  granite,  but  porphyry, 
from  the  foot  to  the  summit,  and  there  the  porphyry  is  4050  yards 
thick. 

Chimboraco  is  probably  a  volcanic  mountain,  for  the  track  by 
which  we  ascended,  consists  of  a  burnt  and  scorified  rock  mixed 
with  pumice-stone,  resembling  all  the  streams  of  lava  in  this 
country,  and  ran  higher  up  the  mountain  than  we  could  climb. 
Tlie  summit  therefore  u  in  all  likelihood  the  crater  of  an  extinct 
volcano. 

The  mountain  of  Tnnguragua  has  diminished  in  height  since  the 
earthquake  of  1797.    Eouguer  assigns  it  6^9  ynrds,  I  found  it  bat 
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5399,  SO  tliat  it  musi  Iiaie  losr  I90  ynrils;  and  intieed  llie  people 
in  the  viciiiily  auj,  that  lljcy  have  seen  its  summit  ciunibk  ausiy 
before  their  eyes. 

During  our  slay  at  Itiotinucha,  we  accidenlatly  made  a  veiy 
curious  liiscovery.  The  state  of  llie  proviuce  of  Quito,  previout  W 
ils  conquest  by  the  Inca  Tupaynpangi,  in  1470,  is  wbully  unlinowiit 
but  the  king  of  the  ludiiins,  Leandru  Zapla,  who  resides  at  Lit-an; 
and  has  a  miiid  exlraDrdiiiarily  cultivated  for  un  Indian,  possesael 
manuscripts  composed  by  one  of  his  oncestors,  iu  the  sixteeBth 
century,  which  coiilaius  the  history  of  that  period.  Tlicy  are 
written  in  the  Paraguay  tt>ngiie,  which  was  formerly  general  in 
Quito,  but  19  now  lost,  having  been  supplanlad  by  the  Icica, 
Fortunately  another  of  Zapla's  ancestors  amused  himself  liy 
tran&laiiug  these  memoirs  into  Spatiisb.  We  have  oblnincd 
from  them  valuable  iutormnlion,  particularly  in  the  memorable 
period  of  ihc  eruption  of  Ncvado  del  Atlas,  which  must  have  been 
the  highest  mountain  in  the  world,  loftier  than  Chimboraco,  and 
eulled  by  the  Indians  Capa-urca,  orchief  of  ntounlains. 

[Bouguer.  Estalta.  Hiimloldt.} 

SECTION    III. 

Volcanic  Fhatiomtna  in  the  West  Indies. 

ALTHOirctl  active  volcanoes  are  by  no  means  common  In  tlie 
inlands  dislinguislicd  by  the  name  of  the  West  Indies,  there  are  fi-w 
of  llieni  lliul  do  not  betray  some  traces  either  ofa  volcanic  origin  or 
of  volianic  effects.  The  Caribees  are  particularly  characterised 
by  such  features,  and  especially  Martinique,  Gusdaloupe,  and  St. 
Lucia,  The  mou  11  Iain-soil  of  ihe  first  t.f  tliese  consist:*,  to  a  very 
considerable  extent,  of  pumice,  either  in  lumps  or  powder,  oocj- 
sioDally  inlermived  with  a  ferruginous  sand,  which  is  not  unfte* 
quently  a  volcanic  production. 

On  the  island  of  St.  Lucie,  or  Si.  Lucia,  are  some  high  and  craggy 
inoimtains,  which  bear  evident  maiks  of  volcanoes;  in  one  deep 
valley  there  are  siveral  ponds.  Hie  water  of  nhich  boils  up  in  a  very . 
powerful  mauner,  and  the  streams  that  issue  from  it  retain  their 
heat  a(  the  distance  of  three  miles  from  llieir  source. 

The  niounlains  of  Gaadaloupe  are,  according  to  De  Borda,  not 
less  lofty  lliBU  those  of  Martinique,  and  lUe  Soulfrierc  or  Sulphur 
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ejected  both  smoke  and  flames  during  the  tioM  of  \u§ 
?isit  to  tbe  bland,  lliis  very  singular  mountain  is  the  higtiest  of 
the  whole ;  its  summit  is  perfectly  bare,  nothing  growing  upon  it 
but  ferms  mosses,  and  a  few  other  cryptogamic  plants:  bot  it 
affords  a  fine  view  of  the  neighbouring  islands  of  Dominica,  Marie- 
galante*  Martiuico^  Mootserrat,  Nevis^  and  various  others.  Upon 
tbe  highest  part  is  a  rugged  platform,  covered  with  burnt  stones  of 
ail  sises ;  ami  from  several  clefts  and  chinks  issue  smoke.  On  the 
cast  side  are  two  mouths,  which  open  into  a  pit  of  sulphur^  one  of 
which  is  an  oval  hole  of  about  an  hundred  feet  in  its  greatest  dia« 
tneter,  out  of  which  also  frequently  arise  thick  clouds  of  black  smoke^ 
accompanied  with  sparks  of  fire.  The  negroes  who  sell  brini^tooe 
fetch  it  from  tbb  mountain.  About  two  hundred  paces  below  the 
lowest  of  tliese  mouths  are  three  pools  of  very  hot  water^  four  or 
five  paces  from  each  other  :  the  water  of  the  largest  is  very  dark 
coloured,  and  smells  like  that  of  a  smith  s  forge ;  the  second  is 
whitish,  and  has  the  taste  of  alum ;  the  third  is  blue,  and  has  a  vi* 
triolic  taste.  Here  are  also  several  springs,  which,  uniting  their 
streams,  form  various  torrents.  Hie  middle  and  bottom  of  this 
burning  mountain  are  extremely  different  from  the  top  of  it^  being 
covered  with  tall  trees  and  herbage,  watered  by  a  number  of  rivu- 
leb,  and  cultivated  with  the  utmost  care  and  industry. 

Almost  every  island  in  the  western  Archipelago,  particularly  those 
which  have  the  highest  land,  has,  iu  like  manner,  its  Sulphur^hiil^ 
or  Soujff^iere,  as  it  is  denominated  by  the  French.  In  some  of  these 
the  volcano  has  become  extinct,  and  is  no  longer  to  be  traced ;  but 
in  others,  as  Guadaloupe,  St.  Lucia,  and  St.  Viucent,  there  are  de- 
cided and  well-characterbed  craters,  which  are  occasionally  active, 
and  throw  out  ashes,  scoriae,  and  lava  with  the  flamie. 

The  most  singular  of  these  Souffrieres  occurs  in  tiie  bland  of 
Mootserrat,  and  b  thus  ably  described  by  Dr.  Nugent.  "  Tbe 
island  of  Montserrat,  so  called  by  the  Spaniards  from  a  fancied  re* 
semblance  to  the  celebrated  mountain  of  Catalonia,  is  every  where 
extremely  'rugged  and  mountainous,  and  the  only  roads,  except  io 
one  direction,  are  narrow  bridle*patlis  winding  through  the  recesses 
of  the  mountains ;  there  b  hardly  a  possibility  of  using  wheeled  car* 
riages,  and  the  produce  of  the  estates  is  brought  to  tlie  place  of 
shipment  on  the  backs  of  mtdes.  Accompanied  by  a  friend,  I  ac- 
cordingly set  out  on  horseback  from  the  town  of  Plymoatb,  which 
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iaftituated  nt  tlie  tnt>t  of  the  mouiilaiDS  on  the  se&  shore.  W«  pm- 
Ceecled  by  u  ciiriiitous  and  n\et\t  route  about  sin  miles,  gradually 
uceiidin);  tlie  inouiilaiii,  which  consisted  entirely  of  an  uniform  por- 
pliyrilic  rock,  brokeueverysvbere  into  fnigmenta  anil  large  dlorks, 
KUil  which  in  many  places  ivas  to  denuded  of  soil  as  to  render  it  s 
malterot'aslonislimeut  how  vef;elation,  anil  particularly  ihat  of  ibtf 
aue,  should  thrive  so  well.  Tlie  fur  greater  purt  of  tbe  whole 
blant  is  made  up  of  this  porpliyry,  which  by  soiiir  sjslemaiics  would 
be  considered  as  referable  to  the  newest  tloets  Imp  formation,  and 
by  others  would  be  regarded  only  as  a  variety  of  lava.  It  in  a  coni> 
pact  and  higtily-induiated  argillaceous  rock  of  a  grey  colour,  replete 
with  large  and  perFecl  crystals  of  wbite  felspar  and  black  bam» 
blende.  Rocki  of  tliia  description  generally  pais  in  tbe  Wett 
Indies  by  llic  vngue  denomination  of  lire-stone,  from  the  useful 
properly  lliey  pitssess  of  resisting  the  uperation  of  iiiteose  lieat.  A 
considerable  quantity  of  thb  stone  is  act:ordingly  exported  from 
Montserrat  to  the  other  islands  which  do  not  contain  it,  being  eMen. 
tial  iti  torniing  the  masonry  around  the  copper  boilers  in  sugar- 
works.  We  caiitinned  our  ride  a  cousiderable  distance  beyond  tb« 
estate  called  Galloway's  (where  we  procured  a  guide)  till  we  cam* 
to  the  title  of  a  very  deq>  ravine  which  extends  in  a  winding  direo 
tioii  the  whole  way  from  one  of  the  higher  mountains  to  the  tea.  A 
rugged  horse-piith  was  traced  along  the  brmk  of  the  ravine,  which 
we  followed  amidst  the  must  beautiful  and  roiuanlic  scenery.  At 
the  head  of  this  ravine  is  a  small  amphitheatre  formed  by  lofty  sur- 
rounding mountains,  and  here  is  situated  what  is  termed  "  l^c 
Sulphur."  Though  the  scene  was  extremely  grand  and  wellworlhy 
of  observation,  yet  1  confess  1  could  not  help  feeling  a  i;ood  deal- 
disappointed,  us  there  was  nothing  like  a  cmter  to  be  seen,  or  any 
thing  else  that  could  lead  nie  to  suppose  tbe  place  had  any  connevion 
with  a  volcano.  On  (he  north,  east,  and  west  sides  were  lofiy 
mountains  wooded  Ui  tlie  lops,  composed  apparently  of  the  same 
kind  of  porphyry  we  hud  noticed  all  along  the  way.  On  the  south," 
the  same  kind  of  rock  of  no  great  height,  quite  bare  of  vetretatiod/  ■ 
and  in  a  very  peculiar  stale  of  decomposition.  And  on  the  loiilb^^ 
cuteni  side,  our  path  Hud  (lie  outlet  bto  the  ravine.  The  whole 
ar«a  thus  include<l,  might  be  three  or  four  hundred  yards  in  leiiKtb^  ij 
and  half  (hat  distance  in  breadth.  The  surface  of  the  ground,  t 
a  broken  ■ 
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mtd  nmics  of  the  porpbjrilic  rodL,  lor  tfae  laost  part  no  ricccd- 
iqgl J  decomposed  as  to  be  firiid^le  aod  to  cmaible  oa  the  saaSkA 
pfemve.  For  sooie  time  I  thought  that  this  svbttane^  whkh  b 
petlectly  white,  and  in  some  instaoces  cidiibits  an  arrangement  ISkt 
crjstab,  was  a  peculiar  mineral ;  iHit  afterwards  became  convinced, 
that  it  was  merely  the  porphyritic  rock  singnlaiij  altered,  not  bj 
the  action  of  the  air  or  weather,  Init,  as  1  conjecture,  bj  a  stroag 
inlphuieoQS  or  sulphuric  add  Taponr  which  is  generated  hcre^  aad 
which  is  probably  driven  more  against  one  side  by  the  ctidy  wind  up 
the  ravine,  the  breexe  from  any  other  quarter  being  shut  out  bj 
the  surrounding  hills\ 

Amidst  the  loose  stones  and  fngmcnts  of  deooinpoaed  rode  aie 
■any  fissures  and  crevices,  whence  very  strong  sulphureoos  eihd»> 
tions  arise,  and  which  are  diffused  to  a  considerable  distance  ;  ths« 
cshalations  are  so  powerful  as  to  impede  respiration,  and  near  nay  ef 
the  fissures  are  quite  intolerable  and  suffocating-  Use  butlani  ef 
my  coat,  and  soow  silver  and  keys  in  my  pockets^  were 
ncously  diseokHired.  An  intense  degree  of  heat  is  at  the 
cvolvcdt  which,  added  to  the  apprehenskm  of  tlie  ground  ^f^wnW^ 
and  giving  way,  renders  it  difiicult  and  painful  to  walk  near  any  ef 
these  fissures.  The  water  of  a  rivalet  which  flows  domm  the  sides 
of  the  mountain  and  passes  over  this  place,  is  made  to  boA  with  vio» 
Ienoe,and  becomes  loaded.with  solpliurer us  impregnations.     Other 


*  Thb  peculiar  decomposition  of  (he  surrounding^  rock  hat  been  freqneotlj 
obfcrred  in  limilar  sitaafions»  and  under  analogous  circunntances,  and  has  I 
find  been  acceantcd  for  by  other  persons  in  ibo  same  way:  Hras  Doloaiev 
Ayi,  "  La  coaleur  blanche  des  pierres  de  rinterienr  de  tooi  lea  crattrs  ia- 
flammft  est  due  ^  nne  veritable  alteration  de  la  lave  produite  par  let  vapenn 
acido-sttlfnreuses  qui  les  pcnetrent,  et  qui  se  comhineot  arec  I'argile  qui  lev 
tertde  base,  y  formant  Talun  que  Ton  retire  des  mati^rei  Yolcaniqoes.**  Fdjr. 
cux  liUtde  Lipari,  p.  18. 

Aod  be  afterwards  adds,  *'  Cette  alteration  des  laves  par  les  vapenrs  ackhi. 
•ulfurevses,  est  une  especc  d'analyse  que  la  nature  fait  elle  laemc  des  matieret 
v<rfcaniqaes.  II  y  a  des  laves  sar  lesquelles  les  ^-apeurrs  n*ont  fms  encore  ea 
aMex  de  tems  d*a$ir  ponr  les  d^naturer  eoticremcnt,  et  ald^8  on  Ics  voit  darn 
diffirens  etats  de  decomposition  que  Ton  rcconnoitpar  le  coulenr.'* 

AInra  h  doubtless  formed  at  this  place,  as  well  as  elsewhere,  under  similar 
cirenmstances :  the  potash  necessary  for  the  composition  of  this  salt,  bcinj;* 
m  well  ai  thf  argil,  derived  from  the  surrounding  rock. 
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Itrunclies  of  the  same  rivutet  which  do  not  pau  iramedialely  near 
tliese  fiuures,  remain  cnol  and  limpid  ;  and  thus  you  may  with  omt 
hand  touch  one  rill  thai  is  at  the  boiling  point,  »iid  with  ilie  othac 
hand  toncb  another  rill  which  a  of  the  usual  leinperuture  of  waicr 
in  Ihat  climate.  The  exhalations  of  sulphur  do  not  at  all  limes 
proceeit  from  ihe  same  fissures,  but  new  ones  appear  to  be  daily 
formed,  olhcn  becoming,  at  it  were,  extinct.  On  the  niargiui  of 
lliese  fissuren,  and  indeed  almost  o¥ei  the  iihole  place,  are  lo  be 
»eei)  moit  beauliful  crystallizations  of  sulphur,  in  many  $)>nls  quite 
as  fine  and  perfect  as  those  from  Vesuvius,  or  indeed  as  any  other 
specimens  1  have  eM-rmet  with.  The  whole  muss  of  deconipoMil 
rock  ill  Ihe  vkinily  i',  in  like  mauner,  >iuite  peDctnitcd  by  sulphur. 
The  «pecjiiieiu  which  I  collected  of  the  cryslalhzed  sulphur,  as  well 
as  of  the  decomposed  anil  undecompo^ed  porphyry,  were  laft 
iuadverleutly  ou  board  the  packet  at  Falmouth,  which  prevcuH  nij 
having  the  pleasure  of  exhibiliiig  ihem  tu  ihe  Society.  I  did  not 
perceive  ai  this  place  auy  trace  of  pyrites,  or  any  other  metal  iic  sub- 
stance, excqil  indeed  two  or  three  small  fragments  of  ciny  iron- 
stone al  a  little  distance,  but  did  not  discover  even  this  suh. lance 
any  where  in  tilu.  It  is  vrry  probable  ihal  the  bed  ol  the  glen  or 
lavitie  might  throw  some  light  on  the  icjtrrual  structure  of  iiie  place; 
but  it  Mas  too  deep,  and  its  banks  inliatlely  too  precipitous,  for 
me  to  venttire  down  lo  il.  I  understood  th;it  there  uus  a  similar 
ciLlialatioi]  and  deposJlioo  of  sulphur  on  ibe  side  of  a  mnun'ain  not 
more  than  a  itiile  distant  iu  a  Uraislil  line:  and  a  sublerianean 
cunimunication  is  supposed  to  exist  between  Ihe  two  place*. 

[Dc  Borda,  Journal  da  ilJintt,  Ceologica/ Transact.  Vol.  I.} 


CHAP.  XV  r. 

IAN03    SIDDENLV    THROWN    VP    PROM   TIIR    SEA.    '* 


JjESiDESlhe  convulsions  of  nature  dbpluyed  in  volcanoes,  oilier 
upemlions  arc  carried  on  below  the  ftthomless  depths  of  Ihe  sea, 
the  nature  nf  which  can  only  be  cotyeciurcd  of  bv  the  effects  pi 
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dooed ;  nor  is  it  more  astonishing:  that  ioflammable  suManeessbovM 
be  fouod  beneath  the  bottom  of  the  sea,  than  at  similar  depths  oa 
land,  and  that  there  the  impetuous  force  cif  fire  should  eause  the 
hmprisoned  air  and  elastic  gass<fs  to  expand,  and  by  its  onghty  force 
drive  the  earth  at  the  bottom  of  the  sea  aboTe  its  surface.  These 
marine  volcanoes  are  perhaps  more  frequent,  tliou^h  they  do  not  so 
often  come  within  the  reach  of  human  ob:>erTatton,  as  those  on  land; 
since  stupendous  must  be  the  operations  cdrried  on  whicb  never 
throw  up  matter  to  such  an  exteut  as  man*8  iitgenuity  enables  him  to 
reach  by  fatlioming. 

Many  instances  have  occurred,  both  in  ancient  and  modem  times, 
of  islands  being  formed  in  tlie  mid^tt  of  the  sea,  and  their  appearance 
has  always  been  preceded  by  violent  agitations  of  the  surrovnding 
waters,  accompanied  with  dreadful  noises,  and  in  sonte  instances, 
with  fiery  eruptions  from  the  new  formed  isles,  which  are  composed 
of  various  substances,  but  frequently  intermixed  with  a  considerable 

quantity  of  volcanic  lava.  Such  islands  remain  for  ages  barren,  but 
in  a  long  course  of  time  become  abundantly  fruitful.  It  b  obvioos 
to  enquire,  whether  springs  are  found  on  such  new-created  spots, 
when  the  convulsions  which  gave  them  birth  have  subsided  ;  but  on 
that  point  it  is  probable  that  no  certain  information  has  been  obtained, 
as  it  does  not  appear  that  any  naturalbt  has  visited  them  for  the  par- 
pose  of  recording  their  properties. 

Among  the  writers  of  antiquity  who  have  transmitted  accounts  of 
blands  which  have  thus  started  up  to  the  astonished  spectator,  Seneca 
asserts,  that,  in  his  time,  the  island  of  Therasea,  m  the  Egean  sea, 
was  seen  to  rise  in  this  manner,  by  some  mariners  who  were  sailing 
near  the  point  of  its  ascent  *.  Pliny  gives  a  yet  more  wonderfid 
account ;  for  he  says,  that  in  the  Mediterranean  thirteen  blands 
appeared  at  once  emerging  from  the  sea,  the  cause  of  which  he  as- 
cribes rather  to  the  retiring  of  the  waters,  than  to  any  subterraneous 
energy ;  but  he  speaks  of  the  bland  Hiera,  near  to  that  of  Theresta, 
as  formed  by  subterraneous  explosions,  and  enumerates  several 
others  as  derived  from  a  similar  origin,  in  one  of  which,  he  sajs, 
that  fishes  were  found  in  great  abundance,  and  that  whoever  ate  of 
them  died  soon  afterwards. 

ft  b,  however,  to  the  Archipelago,  and   the  Azores,  that   we 

*  Tlieretiain  nostne  KUitis  insnlom  spectaotibus  nostrit  in  iEgco  aari  r sa- 
tum.    Quest.  Nat.  lib.  vi.  cap.  xzi. 
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must  look  for  ilie  gmndesi  and  most  surprising  instances  of  this  phe- 
noroeoon.  Let  us  lake  on  example  or  Iwo  from  each  of  these  gronpe* 
of  inlanils. 

The  islanil  of  Acroteri.  of  do  mean  fame  in  ancieut  hUtnry,  ap- 
pears la  have  \U  surface  composed  of  pumice- stone,  eneriuled  with 
a  surface  of  fertile  earth,  and  the  ancients  represent  it  as  rising,  in 
a  violent  earthquake,  out  of  llic  sea.  Four  neighbour inj;  islands 
Itave  had  a  similar  origin,  and  yet  tlie  sea  is  here  of  sucli  a  depth  as 
to  be  uafalhomable  by  any  sounding-line.  These  arose  at  different 
times ;  the  first  long  Itcfore  the  conimenceinent  of  the  chritlian  ten, 
the  second  in  the  first  century,  the  third  in  the  eighth,  and  the  fourth 
in  1573. 

Tlie  fallowing  bislary,  appertaining  to  the  same  cluster,  is  of  still 
later  dale ;  and  its  peculiarities  entitle  it  to  a  more  minute  detail : — 

On  May  22,  1807,  a  severe  earthquake  was  felt  at  Great  Cam- 
meni  ;  and  on  the  ensuing  morning  a  parly  of  seamen  discovering 
not  far  off  what  they  believed  to  be  a  wreck,  rapidly  rowed  towards 
it ;  but  finding  rocks  and  earth  Instead  of  the  remains  of  a  ship,  hasted 
back,  and  spread  the  news  of  what  lliey  had  seen  in  Santorini.  How 
great  soever  the  apprehensions  of  the  inhabitants  were  at  the  first 
light,  their  surprise  soou  abated,  and  in  a  few  days,  seeing  no  ap- 
pearance of  fire  or  smoke,  some  of  them  ventured  to  land  on  the 
new  island.  Their  curiosity  led  them  from  rock  to  rock,  where 
lliey  found  a  kind  of  white  stone  that  cut  like  bread,  which  it  nearly 
resembled  in  its  fortn,  colour,  and  consistence.  They  also  found 
many  oyilers  sticking  to  the  rocks;  but  while  they  were  employed 
in  gathering  theni,  the  island  moved  and  shook  under  their  feet, 
upon  which  they  ran  with  preci|Htation  to  their  boats.  With  these 
motions  and  tremblings  the  island  increased,  not  only  in  height,  but 
in  length  and  breadth  ;  yet  sometimes  while  it  wat  raised  and  ex- 
tended  on  one  side,  it  sunk  and  diminished  on  tlie  other.  Our  au- 
thor  observed  a  rock  to  m6  out  of  the  sea,  forty  or  fifty  paces  from 
the  island,  which  having  continued  four  days,  sunk,  ant)  appeared 
110  more  ;  but  several  others  appeared  and  disappeared  alleinately, 
till  at  last  they  remained  fixed  and  unmoved.  In  the  mean  lime  the 
eolour  of  the  surrounding  sea  was  changed  :  at  first  it  was  of  a  light 
green,  then  reddish,  and  afterwards  of  a  pale  yellow,  ucrompauied 
with  a  noisome  stench,  which  spread  itself  over  part  of  Sanlurini. 

On  tile  Itith  of  July  the  smoke  first  appeared,  not  indeed  ftom 

a  K 
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having  Btfver  been  so  frequent  or  so  dreadful  as  on  tiiataod  the  fof^ 
lowing  day.  Tlie  bursts  of  this  subterranean  thunder,  like  a  gene* 
ral  discharge  of  the  artillery  of  an  army,  were  repeated  ten  or  twelve 
times  Hithiii  twent)'-four  hours,  and  immediately  after  each  dap 
the  large  furnace  threw  up  huge  red-hot  stones,  which  fell  into  the 
sea  at  a  great  distance.  These  claps  were  always  followed  by  a 
thick  smoke»  which  spread  clouds  of  ashes  over  the  sea  and  the 
aeigbbouring  islands. 

On  the  18th  of  September,  an  earthquake  was  felt  atSantorini, 
but  did  no  great  damage,  though  it  considerably  enlarged  the  burning 
island,  and  in  several  new  places  gave  vent  to  the  fire  and  smoke* 
The  claps  were  also  more  terrible  than  ever,  and  in  the  midst  of  a 
thick  smoke  that  appeared  like  a  mountain,  were  seen  and  heard 
large  pieces  of  rock,  thrown  up^with  as  much  noise  and  force  as  balk 
irom  the  mouth  of  a  cannon,  which  afterward  fell  upon  the  island, 
or  into  the  sea.  One  of  the  small  neighbouring  islands  was  several 
times  covered  with  these  fiery  stones,  which  being  thinly^  crusted  over 
with  sulphur,  gave  a  bright  light,  and  continued  burning  till  that 
was  consumed. 

On  the  21st,  after  a  dreadful  clap  of  subterraneous  thunder,  very 
great  lightnings  ensued,  and  at  the  same  instant  the  new  island  was 
so  violently  shaken,  that  pait  of  the  great  furnace  came  tumbling 
down,  and  huge  burning  rocks  were  thrown  to  the  dbtance  of  two 
miles  and  upward.  Tliis  seemed  to  be  the  last  effort  of  the  volcano, 
and  to  have  exhausted  the  combustible  matter,  as  all  was  quiet 
ibr  several  da^fs  after.  But  on  the  25th  the  fire  broke  out  again 
with  still  greater  fury,  and  among  the  claps  one  was  so  terrible,  that 
the  churches  of  Santorini  were  soon  filled  with  crowds  of  people, 
expecting  every  moment  would  be  their  last ;  and  the  castle  and 
town  of  Scaro  suffered  such  a  shock,  that  the  doors  and  win- 
dows of  the  houses  fiew  open.  The  volcano  continued  to  rage 
during  the  remaining  part  of  the  year ;  and  in  the  month  of  Janu- 
ary 1 708,  the  large  furnace,  without  one  day's  intermission,  threw 
out  stones  and  flames,  at  least  once  or  twice,  but  generally  five  or 
six  times  a  day. 

On  the  10th  of  February,  in  the  morning,  a  pretty  strong  earth- 
quake was  felt  at  Santorini,  which  the  inhabitants  considered  as  a 
prelude  to  greater  commotions  in  the  burning  island  ;  nor  were  they 
deceived }  for  soon  after  the  fire  and  smoke  issued  in  prodigious 
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•]HBiitiiic3,  the  daps  like  lliiinder  treic  reilouMt^d,  and  tiolfaing  ap- 
|iettr«il  bul  objects  of  liurror  ;iiiil  riinrntioii ;  rocks  ol'  an  munzlog 
iizt  were  raUi'il  up  to  u  greal  height  above  Ibe  waltr,  and  the  sea 
mgcd  aiid  boiled  to  such  a  ileptec  thai  it  occasioued  grcul  rnDster* 
nation-  The  subterraneuu*  bi'Ilouiii|;s  were  lieaid  without  intimiite 
sion,  and  sonieiinies  ia  le»»  lliaii  a  quarter  of  aii  hour  rliete  were  iti 
or  seven  eniplioiis  from  the  large  furnace.  'I'hc  noia:  uf  the  re- 
pealed claps,  the  quantity  of  huge  slonei  that  flew  about  oit  every 
sidei  the  houses  tottering  to  iheir  very  foundations,  and  th«r  fire, 
which  now  appeared  in  open  day,  iur|)aMed  all  that  had  hilherlo 
happened,  ami  formed  a  scene  astonishing  beyond  description. 

The  I5lh  of  April  was  rendered  remarkable  by  the  number  and 
violence  of  llje  bellowiugs  and  eruptions,  by  one  of  which  near  a 
hundred  large  slonca  were  llirowa  up  ail  together  into  the  air,  and 
fell  again  iuto  the  sea  at  about  two  miles  diatanre.  From  this  lime 
to  the  23d  of  May,  which  might  be  called  Ihe  antiiveraary  of  the 
birth  of  the  new  island,  things  continued  much  in  the  same  stale  ; 
but  afterward  the  fire  and  smoke  by  degrees  subsided,  and  Ihi- sub- 
terraneous Knmders  became  Icsi  terrible- 

Or  Ihe  13th  of  July  1709,  the  Bi<>hop  of  Santorini,  accompanied 
by  several  friars,  hired  a  boat  to  take  a  near  view  of  the  inland. 
They  made  directly  toward  it  on  that  «ide  uliere  the  scJi  did.noi 
bubble,  but  where  it  unoked  very  much,  Being  got  into  this  va- 
pour, they  fek  a  close  siiflbcHiiiig  beat,  and  found  the  water  very 
hot  i  upon  which  ihey  directed  their  coune  toward  a  pari  of  Ihe 
islaud  at  lite  farthest  distance  from  the  large  furnace.  The  lires, 
which  still  continued  to  burn,  and  the  boiling  of  the  sea,  obliged 
them  to  take  a  great  com pa.'^,  and  yet  they  fell  Ihe  air  about  ihein 
very  hot  and  sultry.  Having  encompassed  the  island,  and  surveyed 
il  carefully  from  au  adjacent  one,  they  judged  it  to  be  two  hundred 
feet  above  the  sea,  about  a  mile  broad,  and  live  miles  in  circum- 
ference ;  but  not  being  tlioruuglily  satisfied,  Ihey  resolved  to  attempt 
to  land,  and  accordingly  rowed  toward  that  pari  at  Ihe  island  where 
ibey  perceived  neither  fire  nor  smoke  :  but  when  they  had  got  within 
a  hundred  yards  of  it,  ihc  great  furnace  discharged  ilMlf  with  ils 
usual  fury,  and  the  wind  blew  upon  them  a  ihick  smoke  and  a 
shower  of  ashes,  which  obliged  them  to  quit  iheir  desigu.  Having 
retired  a  liltle,  lliey  let  down  a  plummet,  with  a  line  ninety-five  fa- 
Iboms  long,  but  it  was  too  short  to  reach  Ihe  boitom.  On  Ihuir 
3  K  3 
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return  to  Santoriniy  tfaey  observed  that  the  heat  of  the  water  bad 
melted  most  of  the  pitch  firom  their  boat,  which  was  therefore  grown 
▼ery  leaky. 

From  this  time  until  the  15th  of  August^  the  fire,  smoke,  and 
noise  continued,  though  moderately ;  and  for  sereral  years  after,  it 
appears  that  the  island  still  increased,  but  that  the  fire  and  snbter- 
raneous  noises  were  much  abated  i  and  as  the  travellers  who  have 
amce  visited  the  Levant  give  no  account  of  its  burning,  it  has  doubt* 
less  long  since  ceased. 

We  have  stated  that  similar  eruptions  of  islands  have  occurred  in 
the  group  of  the  Azores.  Thus,  in  December  1720,  a  violent  earth- 
quake was  felt  on  the  ishmd  of  Tercera.  In  the  night  and  the 
next  mohiing  the  top  of  a  new  island  appeared,  which  ejected  a  huge 
column  of  smoke.  The  pilot  of  a  ship,  who  attempted  to  approach 
it,  sounded  on  ope  side  of  the  new-formed  island,  with  a  line  of  sixty 
fiUhoms,  but  could  find  no  bottom.  On  the  opposite  side,  the  sea 
was  deeply  tinged  with  various  colours,  white,  blue,  and  green,  and 
was  very  shallow.  This  island  was  larger  on  its  first  appearance 
than  at  some  distance  of  time  afterwards  :  it  at  length  sunk  below 
the  level  of  the  sea,  and  now  is  no  more  to  be  found. 

''  Yet  what  can  be  more  surprising,**  observes  the  writer  of  the 
preceding  account,  **  than  to  see  fire  not  only  break  out  of  the 
bowels  of  the  earth,  but  also  to  make  itself  a  passage  through  the 
waters  of  the  sea!  What  can  be  more  extraordinary  or  foreign  to 
our  common  notions  of  things,  than  to  see  the  bottom  of  the  sea 
rise  up  into  a  mountain  above  the  water,  and  become  so  firm  an 
iskind  as  to  be  able  to  resist  the  violence  of  the  greatest  storms  I  I 
know  that  subterraneous  fires,  when  pent  in  a  narrow  passage,  are 
able  to  raise  up  a  mass  of  earth  as  large  as  an  island ;  but  that  thb 
should  be  done  in  so  regular  and  exact  9  fuanner  that  the  water  of 
the  sea  should  not  be  able  to  penetrate  and  extinguish  those  fires ; 
imd,  after  having  been  extingubhed,  that  the  mass  of  earth  should 
not  fill!  down,  or  sink  again  with  its  own  weight,  but  still  remain  in 
a  manner  suspended  over  the  great  arch  below  !  This  is  what  to  me 
seems  more  surprising  than  any  thing  that  has  been  related  of  Mount 
Etna,  Vesuvius,  or  any  other  volcano." 

The  following  is  a  more  detailed  description  of  a  similar  plie- 
nomenon  occurring  in  the  same  quarter,  though  of  much  Uter 
date.  We  copy  it  from  Capt*  Tillard's  narrative^  communicated  to 
the  Royal  Society. 
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Approachins,  says  lie,  the  hlaud  of  St.  Micliad's,  on  Sunday, 
Juue  12,  IS  11,  ill  liU  Mi^estj'f  ^Wp  Subrioa  uudcr  my  cummand, 
we  occHsioOHlty  observed,  rising  iu  the  horizon,  two  or  tliree  colunim 
of  inioke,  Micli  as  would  liavebeen  occasioited  by  nnaclioii  belweeii 
two  ships,  to  which  caui<e  we  universally  atlribuled  ill  origin.  This 
opiiiimi  was,  liowever,  in  a  very  short  time  changed,  from  the  smoke 
increasing  and  ascending  in  much  larger  bodies  than  cou'.d  possibly 
have  been  produced  by  such  an  event ;  and  having  lieard  un  account, 
prior  to  our  sailiiig  from  Lisbon,  thai  in  Ihe  preceding  January  or 
February  a  volcano  hud  burst  out  within  the  sea  near  St.  Michael's, 
we  immedialely  concluded  that  ibe  smoke  we  saw  proceeded  fioii)  that 
cause,  and  on  our  anchoring  next  morning  in  the  road  of  Ponta  de) 
Gada,  we  found  this  conjecture  correct  as  to  the  cause,  but  not  to 
the  time;  the  eruption  of  January  having  totally  subsided,  and  the 
present  one  having  only  burst  forth  two  ilays  prior  lo  our  approach, 
and  aliout  three  miles  distant  from  ibe  one  before  alluded  to, 

Desirous  of  eiamintng  as  minutely  as  possibly  a  ronlentiou  so  ex- 
traordinary bclweeN  two  sucli  powerful  elementi<,  I  set  ofl'  from  the 
city  of  Ponta  del  Gada  on  the  nioruing  uf  the  14tli,  in  company 
with  Mr.  Read,  the  Consul  General  of  the  Azores,  and  two  other 
genllemeD.  After  riding  about  twenty  miles  across  the  NW.  end  of 
the  island  of  St.  Michael's,  we  came  to  llie  edge  ot  a  clilf  from 
whence  the  volcano  buret  suddenly  upon  our  view  in  the  most  ter- 
rific und  awful  grandeur.  Il  was  only  a  short  mile  from  the  base  of 
tile  cliff,  which  was  nearly  perpendicular,  and  formed  itw  margin 
ef  the  sea  ;  this  cliff  being  as  neatly  as  f  could  Judge  from  three  to 
four  hundred  feel  liigh.  To  give  you  an  adequate  idea  of  the  Keue 
by  description  is  far  beyond  my  powers ;  but  for  your  satisfaction  I 
thall  attempt  it. 

Imagine  an  immense  body  of  smoke  rising  from  the  sea.the  surface 
of  which  was  marked  by  the  silvery  ripliug  of  the  waves,  occasioned 
by  the  light  and  steady  breezes  incidental  to  those  climates  in  simi- 
mer.  In  a  ({uiescent  state,  it  had  the  appearance  of  a  circular  cloud 
revolving  on  ifae  water  like  an  horizontal  wheel,  in  variouE  aud  irre- 
gular involutions,  expunding  itself  gradually  on  the  lee  side,  when 
suddenly  a  column  of  the  blackest  cinders,  ashes,  and  slones  would 
shoot  up  in  form  of  a  spire  at  an  angle  of  from  tea  to  Iweoiy  de^>ree« 
from  a  perpendicular  line,  the  angle  of  inclination  being  universally 
ta  windward :  this  was  rapidly  succeeded  by  a  kcouJ,  third,  and 
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fourth^  each  acquiring  greater  velocitjf>  and  overtopping  the  other 
till  they  bad  attained  an  altitude  as  much  above  the  level  of  our  eye, 
as  the  sea  was  below  it. 

As  the  impetus  with  which  the  columns  were  severally  propelled, 
diminished,  and  their  ascending  motion  had  nearly  ceased,  they 
broke  into  various  branches  resembling  a  groupe  of  pines,  these 
again  forming  themselves  into  festoons  of  white  feathery  smoke  in 
the  most  fancifiil  manner  imaginable,  intermixed  with  the  finest  par- 
ticles of  falling  ashes,  which  at  one  time  assumed  the  appearance  of 
innumerable  plumes  of  black  ai^d  white  ostrich  feathers  surmounting 
each  otlier ;  at  another,  thatof  the  light  wavy  branches  of  a  weeping 
willow. 

During  these  bursts,  the  most  vivid  flashes  of  lightning  continually 
issued  from  the  densest  part  of  the  volcano ;  and  the  cloud  of  smoke 
now  ascending  to  an  altitude  much  above  the  highest  point  to  which 
the  ashes  were  projected,  rolled  off  in  large  masses  of  fleecy  doods, 
gradually  expanding  themselves  before  the  wind  in  a  direction  nearly 
horizontal,  and  drawing-up  to  them  a  quantity  of  water*spouts, 
which  formed  a  most  beautiful  and  striking  addition  to  the  general 
appearance  of  the  scene. 

That  part  of  the  sea  where  the  volcano  was  situated,  was  upwards 
of  thirty  fathoms  deep,  and  at  the  time  of  our  viewing  it  the  vol- 
cano was  only  four  days  old.  Soon  after  our  arrival  on  the  clifi',  a 
peasant  observed  he  could  discern  a  peak  above  the  water:  we 
looked,  but  could  not  see  it ;  however,  in  less  than  half  an  hour  it 
was  plainly  visible,  and  before  we  quitted  the  place,  which  was 
about  three  hours  from  the  time  of  our  arrival,  a  complete  crater 
was  formed  above  the  water,  not  less  than  twenty  feet  high  on  the 
side  where  the  greatest  quantity  of  ashes  fell ;  the  diameter  of  the 
crater  being  appiyently  about  four  or  five  hundred  feet. 

The  great  eruptions  were  generally  attended  with  a  noise  like  the 
continued  tiring  of  cannon  and  musquetry  intermixed,  as  also  with 
slight  shocks  of  earthquakes,  several  of  which  having  been  felt  bj 
my  companions,  but  none  by  myself,  I  had  become  half  sceptical, 
and  thought  their  opinion  rose  merely  from  the  force  of  imagi- 
nation ;  but  while  we  were  sitting  within  Ave  or  six  yards  of  the 
edge  of  the  clifl',  partaking  of  a  slight  repast  which  bad  been 
brought  with  us,  and  were  all  busily  engaged,  one  of  the  most  mag- 
nificent bursts  took  place  which  we  had  yet  witnessed,  accompanied 
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by  a  vei^  severe  slioclt  of  an  earthquake,  Tlie  inslanlaneous  am) 
iiivoluntarv  movement  of  eacli  wa»  lo  spring  upon  Ilia  Uet,  and  I 
■aid,  "  This  admits  of  no  doiibl."  'The  wtird^  had  sciircc  pas&ed 
mj'  lips,  before  we  observed  a  large  portiuii  of  Ihe  fuce  of  the  clJIf, 
about  fifty  yards  on  our  left,  falling,  wliich  il  did  wilh  a  violent 
cra«h.  So  soon  a»  our  lirst  consternation  had  a  little  subsided,  we 
removed  ubout  ten  or  a  dozen  yards  further  from  the  edge  of  the 
cliff,  and  finished  our  dinner. 

On  Itie  succeeding  d»y,  June  ISth,  having  the  consul  and  some 
other  friends  on  board,  I  weighed,  and  proceeded  wilh  the  ship 
towards  ihe  volcano,  wilh  the  inlenlion  of  witnessing  a  night  view  ; 
but  in  this  expectation  we  were  greatly  disappointed,  from  the 
wind  freshening  and  Ihe  weather  becoming  thick  and  haiv,  and 
also  from  the  volcano  itself  being  clearly  more  (juiescenl  than  it  was 
the  preceding  day.  It  seldom  emitted  any  lightning,  but  occasian- 
ally  as  much  flame  as  may  be  aeeo  to  issue  from  the  to)i  of  a  glass- 
house or  foundery  ehimney. 

Cii  passing  directly  under  the  great  cloud  of  smoke,  about  three 
or  four  miles  distant  from  the  volcano,  the  decks  of  the  ship  were' 
covered  with  IJue  black  ashes,  which  fell  intermixt  with  small  rain. 
We  returned  the  next  niomiog,  and  late  on  the  evening  of  the  same 
dny  I  took  my  leuve  of  St.  Michael's  lo  complete  my  cruize, 

On  opening  the  volcano  clear  of  the  N\V  part  of  the  island, 
after  dark  on  the  ifith,  we  witnessed  one  or  two  eruptions  that,  had 
ihe  ship  been  near  enough,  would  have  been  awfully  grand.  11  ap- 
peared  one  continued  blaM  of  liglilning:  but  the  distance  wiiich 
it  was  at  from  the  ship,  upwards  of  twenty  miles,  prevented  our  seeing 
it  with  effect. 

Returning  again  Innards  St.Michael's  on  the  4th  of  July,  |  was 
obliged,  by  the  stale  of  the  wind,  to  pass  wilh  the  ship  very  close  to 
the  island,  which  was  now  completely  fonued  by  the  volcano,  being 
nearly  tlie  height  of  Matluck  High  Tor,  about  eighty  yards  above 
the  sea.  At  this  time  it  was  |>erfeetly  tranquil :  which  circumstance 
determined  me  lo  land,  and  explore  il  more  narrowly. 

I  left  the  ship  in  one  of  the  boats,  accompanied  by  some  of  the 
oflicers.  As  we  approached,  we  perceived  that  was  'iiill  smoking  in 
many  parts,  and  upon  our  reaching  the  island  found  tlie  surf  on  llie 
beach  very  high.    Rowing  round  to  Ibe  lee  side,  with  some  tittle 
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difiicttlty,  bv  the  aid  of  an  oar,  as  a  pole,  I  jumped  on  shore,  and  was 
ibHowed  by  the  other  officers.  We  found  a  narrow  beach  of  black 
ashesy  from  which  the  side  of  the  island  rose  in  general  too  steep  to 
admit  of  our  ascending ;  and  where  we  could  have  clambered  up> 
-the  mass  of  matter  was  much  too  hot  to  allow  our  proceeding  more 
than  a  few  yards  in  the  ascent. 

The  declivity  below  the  surface  of  the  sea  was  equally  steeps 
having«i  even  fathoms  water  scarce  the  boat's  length  from  the  shore, 
and  at  the  distance  of  twenty  or  thirty  yards  we  sounded  twenty-five 
fathoms. 

From  walking  round  it  in  about  twelve  minutes,  I  should  judge 
that  it  was  something  less  than  a  mile  in  circumference ;  but  the 
most  extraordinary  part  was  the  crater,  the  mouth  of  which,  oo  the 
side  facing  St.  Michael's,  was  nearly  level  with  the  sea.  It  was  filled 
with  water,  at  that  time  boiling,  and  was  emptying  itself  into  the 
tea  by  a  soudl  stream  about  six  yards  over,  and  by  which  I  shouU 
suppose  it  was  continually  filled  again  at  high  water.  This  stieaii^ 
dose  to  the  edge  of  the  sea,  was  so  hot,  as  only  to  admit  the  finger 
to  be  dipped  suddenly  in,  and  taken  out  again  immediately. 

It  appeared  evident,  by  the  formation  of  this  part  of  the  island, 
that  the  sea  had,  during  the  eruptions,  broke  into  the  crater  in  two 
places,  as  the  east  side  of  the  small  stream  was  boimded  by  a  pr^ 
cipice,  a  cliff  between  twenty  and  thirty  feet  high  forming  a  penin- 
sula of  about  the  same  dimensions  in  width,  and  from  fifty  to  sixty 
feet  long,  connected  with  the  other  part  of  the  island  by  a  narrow 
ridge  of  cinders  and  lava,  as  an  isthmus  of  from  forty  to  fifty  feet 
in  length,  from  which  the  crater  rose  in  the  form  of  an  amphi- 
theatre. 

This  cliff,  at  two  or  three  miles  dbtance  from  the  island,  had  tbe 
appearance  of  a  work  of  art  resembling  a  small  fort  or  block-house. 
The  top  of  this  we^were  determined,  if  possible,  to  attain ;  but  the 
difficulty  we  bad  to  encouuf  er  in  doing  so  was  considerable ;  the  only 
way  to  attempt  it  was  up  llie  side  of  tbe  isthmus,  which  was  so  steep 
that  tbe  only  mode  by  which  we  could  effect  it,  was  by  fixmg  tbe 
end  of  an  oar  at  tbe  base,  with  tbe  assistance  of  which  we  forced 
ourselves  up  in  nearly  a  backward  direction. 

Having  reached  the  summit  of  the  isthmus,  we  found  another 
difficulty,  for  it  was  impossible  to  walk  upon  it,  as  the  descent  oo 
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Ibe  ollter  liiie  was  immediate,  and  as  steep  at  tbe  one  we  had 
uscendcd  ;  but  b}'  throwing  our  legs  across  il(  as  would  be  done  oR 
the  ridge  of  a  houte,  anil  moving  ourselves  fonvard  hjr  our  hands, 
wtrat  length  readied  that  {larl  of  it  where  it  gradually  widencil  itself 
aud  formed  the  sumniil  of  the  cliff,  which  we  found  to  have  a  per- 
fcttly  flril  aurfuce,  of  ihe  dimensions  before  slated. 

Judging  this  to  be  llie  most  conq)icuo us  situation,  we  here  planled 
Ihe  Uniun,  and  left  a  bottle  sealed  up  containing  a  small  accouut  of 
Ihe  ori^n  of  llie  island,  and  of  our  having  lauded  upon  it,  and  nam- 
ing it  Sahrina  Island. 

Within  the  crvlcr  I  found  the  complete  skeleton  of  a  guard  fiab, 
iIk  bones  of  which  being  perfectly  bunil.  fell  to  pieces  upon  al- 
tempting  to  take  theni  up ;  and  by  llie  account  of  the  hdiabilanti 
on  the  coast  of  St.  Michael's,  great  numbers  of  fisl)  bad  been  de- 
siroj'cd  during  the  early  part  of  the  eruption,  as  liirge  quantities, 
probably  suffocated  or  poisoned,  were  occasionally'  found  drifted 
intn  the  •imall  iulets  or  bays. 

The  island,  like  other  volcanic  prottuctioni',  is  composed  princi- 
pally of  porous  substances,  and  generally  burnt  to  complete  cindera, 
t>iili  ocrasiona)  masses  of  a  stotie,  which  I  shouhl  suppose  to  be  I 
tnixlure  of  iron  and  lime-stone, 

ILowenom.  Payne't  Geog.  Extr.  Phil.  Trans.  1728. 18I2.J 
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NCBALOGItAL    REMARKS  ON    THE     KATURS   OF  TOLCANIO    i 
MATERIALS. 


1  HIS  is  a  siibjt'ct  uhich  still  requires  the  attention  of  oryclologistB. ^ 
We  are  scarcely  acquainted,  says  Dr.  Thonison  in  his  History  of  tbe 
Boyal  Society,  with  the  nature  of  the  forks  of  which  Etna  or  Vesuviai 
is  composed:  indeed,  thetask  isentremely  ditticult;  lor  these  mo ua- 
lains  are  so  surrounded  with  lava  on  all  sides,  thai  tlie  rock  itself,  of 
which  the  nmuntain  consisted  before  the  volcano  cunimencetl,  may 
perhaps  be  eiilireiy  conceited  from  view.    The  prodigious  extent  of 


1 
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Etna,  about  a  hundred  miles  in  circumfereDce,  aud  the  vast  num- 
ber of  volcanic  hills  attached  to  its  sides,  at  least  forty-four  io 
number,  render  tliie  geognostic  examination  of  the  rocks^  cif  whicfa 
it  was  originally  composed,  almost  impossible.  Sir  William  Hamil- 
ton and  several  other  writers  on  volcanoes  suppose,  that,  previoas 
to  the  commencement  of  the  volcano,  no  moimtain  whatever  ex- 
isted ;  and  that  the  whole  mountam  has  been  formed  by  succesure 
eruptions  from  the  crater.  But  this  opinion  is  both  improbable  is 
itself,  and  destitute  of  evidence.  Werner  conceives,  that  volcanic 
hills  are  always  composed  of  green  stone,  basalt,  and  the  other  rocks 
which  constitute  the  independent  coal  formation,  and  the  floeti- 
trap.  But  the  observations  of  Humboldt,  on  the  volcanoes  of 
America,  will  not  admit  of  such  conclusions ;  unless,  indeed,  we 
conceive  granite  and  porphyry  to  belong  to  these  formations;  a  sup- 
position not  very  improbable^  if  we  attend  to  the  late  observations 
of  Von  Buch  and  Professor  Jameson ;  the  former  of  whom  in  Nor- 
way, and  the  latter  in  Scotland,  have  found  granite  among  secondary 
rocks. 

Geologbts  are  still  deplorably  ignorant  of  every  thing  relatiiig  to 
volcanic  rocks.  As  a  proof  of  this,  it  may  be  stated  with  truth, 
that  the  best  treatise  on  volcanoes,  which  has  hitherto  appeared, 
was  written  by  Bergmann,  and  published  before  the  year  I78O. 
Even  lava  itself,  or  the  melted  matter  which  issues  from  volcanoes, 
has  been  frequently  confounded  with  basalt  and  green-stone.  At  one 
time  it  was  the  fashion  to  consider  all  hills  composed  of  these  two 
last  rocks  ;  and,  in  short,  all  floetz-trap  hills  as  extinct  volcanoes. 
Thus,  Fojas  de  St.  Fond,  in  his  travels  through  Scotland,  finds  every 
where  abundance  of  extinct  volcanoes ;  and  Mr.  Raspe  inserted  a 
paper  in  the  Philosophical  Transactions,  describing  similar  hills  in 
Hessia,  under  the  same  appellation  *.  In  like  manner,  the  hills  of 
Auvergne,  in  France,  have  been  considered  as  extinct  volcanoes  by 
the  French  mineralogists ;  even  D'Aubaisson,  who  was  educated  in 
an  opposite  school,  has  come  to  the  same  conclusion.  Notwith- 
standing this,  there  can  be  little  doubt  that  these  hills  stand  in  the 
same  predicament  with  the  floetz-trap  hills  of  Scotland  and  Ger- 
many. These  opinions,  respecting  the  volcanic  nature  of  basalt  and 
green-stone,  are  now  pretty  generally  laid  aside.    The  followers  of 


•  PhU.  Trans.  1771.  vol.  Ixi.  p.  380. 
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t>r.  Hutton,  indeed,  cooteud  that  they  have  been  melted  by  heat« 
but  do  not  suppose  that  they  have  ever  belonged  to  a  volcanic 
mount  a iu. 

Consi<lerable  doubts  are  entertained  by  some,  wiietber  pumice  be  a 
volcanic  substance  or  not ;  and  these  doubts  are  founded  on  the  sup* 
position  )hat  pumice,  though  often  observed  in  the  neighbourhood  of 
volcanoes,  has  never  been  seen  mixed  with  lava^  or  actually  flowingTrom 
a  volcano.  If  the  evidence  of  Toumefort  be  considered  as  sufficient^ 
there  can  be  no  doubt  that  pumice  is  occasionally  thrown  out  of  vol« 
canoes ;  for  he  describes  various  examples  of  it  in  his  Voyage  to  the 
Levant.  Pumice  has  been  repeatedly  observed  floating  on  the  sur* 
face  of  the  sea>  in  immense  quantity.  To  give  one  example,  Mr* 
Dove«  the  captain  of  an  Indiaman,  observed  it  floatmg  in  tlie  At- 
lantic Ocean,  in  iumiense  abundance,  over  a  tract  of  not  less  than 
317  miles  in  length.  The  pumice  was  first  observed  in  south  lati- 
tude 35^  3&,  west  longitude  4*  9^,  and  the  shoals  of  it  continued 
for  several  days  *.  *  Now  it  is  impossible  to  account  for  such  ap- 
pearances on  any  other  supposition  than  that  the  pumice  has  been, 
thrown  from  the  bottom  of  the  sea  by  some  volcanic  iorct;  'daA,  if 
that  be  admitted,  it  will  follow  that  pumice^  at  least  some  timesj 
though  perhaps  not  always^  is  volcanic. 

The  following  observations  of  Spalanzani  upon  an  acciurate  invests 
gation  of  the  Solfataraf^  near  Naples,  are  peculiarly  entitled  to  the 
attention  of  the  mineralogist 


•  PkiL  Trans.  1728.  vol.  xxzv.  p.  444. 

f  Tlie  lofty  side  of  Solfbtara,  near  Napks,  seems  to  eahibit,  in  a  mi- 
nuter degree,  whatever  is  seen  of  this  horrible  kind  on  the  gtesLi  theatre  of 
nature.  This  plain,  which  is  about  twelve  hundred  feet  Ion|;,  and  a  thousand 
broad,  Is  embosomed  in  mountains,  and  has  in  the  middle  of  it  a  lake  of  nol* 
tome  IHackish  ¥rater,  covered  with  a  bitumen  tlmt  floats  upon  its  soriace.  In 
every  part  of  this  plain,  caverns  appear  smoking  with  sulphur,  and  often  emit- 
ting flames.  The  earth,  wherever  we  walk  over  it,  trembles  beneath  the  feet. 
Noises  of  flames,  and  Ike  hissing  of  waters,  are  heard  at  the  bottom.  The  wa- 
ter sometimes  spouts  up  eight  or  ten  feet  high.  The  nost  noisome  fumes,  foetid 
mtter,  and  sulphureous  vapours,  offiend  the  smell.  A  stone  thrown  into  any  of 
the  caverns,  is  ^ected  again  with  contadenble  violence.  These  appearances 
generally  prevail  when  the  sea  is  any  ways  disturbed  i  and  the  whole  seeni  t* 
eihibit  marks  of  an  earthquake  in  miniature. 
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The  beautiful  city  of  Naples  is  entirely  founded  on  voicinic  suIm 
stances.  Among  these  the  tufa  predominates,  which  has  also  con* 
tributed  not  a  little  to  the  materials  of  many  buildings.  To  the 
north  and  west  it  is  accumulated  in  large  heaps^  and  forms  spacious 
hills,  A  philosophical  stranger,  on  his  arrival  in  this  country,  when 
he  views  these  inmiense  masses  of  a  substance  which  must  excite  ia 
his  mind  the  idea  of  fire,  cannot  but  fed  astonishment,  and  enqoire 
with  a  kind  of  serious  thoughtfiilness,  what  has  been  their  origin.  It 
is  known  that  on  this  sul^ect  uaturalbts  are  divided.  Some  conjec- 
ture that  the  volcanic  tufa  was  generated  within  the  sea  when  it 
bathed  the  foot  of  the  burning  mountains ;  others  suppose  that  the 
cinders  ejected  by  the  fire,  have,  in  a  long  course  of  years,  bees 
hardened  into  this  species  of  stone  by  the  filtration  of  rain  water; 
lastly,  others  incline  to  think  that  the  tufa  derives  its  origin  from  the 
slimy  and  fluid  substances  thrown  out  by  the  volcanoes  io  aome  of 
their  enHptions. 

The  diversity  of  volcanic  tufas  has,  perhaps^  been  the  cause  of 
these  diflferent  opinions,  each  of  which  may  possibly  be  true  witfi 
respect  to  different  kinds  of  tufa.  Those,  however,  which  are  finuid 
in  the  vicinity  of  Naples  are  probably  the  produce  of  thick  crop* 
tions,  as  we  may  conclude  from  the  curious  discovery  of  Sir  WiHiiai 
Hamilton,  who,  in  digging  up,  in  the  tufa  which  had  covered  He^ 
culaneum,  the  head  of  an  antique  statue,  observed  that  the  perfect 
impression  of  the  head  was  visible  in  the  tufa^  which  cannot  be  sup- 
posed to  have  happened  but  by  its  having  enveloped  the  statue  io  i 
liquid  or  moist  state. 

To  the  observation  of  Sir  William  let  me  be  permitted  to  add  one 
of  my  own,  which  I  made  in  the  grotto  of  Posilipo.  It  is  well 
known  that  this  grotto  has  been  excavated  within  the  tufa,  and  servn 
as  a  public  road  from  Naples  to  Pozzuolo.  This  tufa»  which  is  of 
a  clear  grey,  has  for  its  base  an  earth  in  part  argillaceous,  of  a  sl^t 
hardness,  which  contains  vitreous  flakes^  pieces  of  fieltsfwrs  and 
fragments  of  yellowiih  pumice-ilone,  which  by  the  changes  it  htf 
undergone  has  become  extremely  friable,  and  almost  redndble  to 
powder.  This  tufa  has  been  in  some  measure  analysed  bj  the  ex« 
cavalion  made  in  by  art,  which  furnishes  a  proof  of  the  nature  of 
its  origin.  For  if  any  person,  in  the  summer  time,  enters  the  grotto 
about  the  rising  of  the  su0|  since  at  other  tildes  of  the  day  there  ii 
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DOt  aufficicnl  liglil :  tha  solar  ravs,  shining  on  the  entrance  whicli 
looks  townriU  NupW,  will  sufficiently  illumiuale  llie  roof  and  sides 
to  shew  layers  or  6akea,  similar  to  tli5se  wliich  may  be  obwrved  o 
the  sleep  sides   of  tununtaitis,  or  in  ]ierpen(lictdar  sections  of  tht  J 
earth,  in  low  places,  where  seciinii^nts  of  Tarioiis  kinds  of  stinic  have  1 
been  formed  by  the  intimlutions  of  rivi-rs.     It  scemi,  howe 
possible  to  doubt,  that  this  ucciimulation  of  tufa,  through  the  raldi^f 
of  which   the  Rnroatu  opened  thai  long  and  specious  grotto,  bu 
been  produced  by  the  liuck  eruptions  which  hare  freijuently  issued 
from  vcilcanoes,  and  which,  heaping  up  one  upon  another,  have 
liardcucH  in  time  into  this  lufaceous  ilonc  ;  since  butb  Vesuvius  and 
Etn.i  furnish  suIBcienI  examples  of  such  ertiptii)ns.     And  as  in  many 
oilier  tufas  in  the  vicinity  I  have  observed  a  similar  coustruclure,  I 
cannot  suppose  their  origin  to  have  been  different. 

Cuming  out  of  this  subterraneous  passage,  and  proceeding  towardi 
Soltalara,  1  observed,  on  the  lighl-hnnd  side  of  ihe  road,  a  ridge  of 
lava,  nearly  parallel  with  it,  which  had  every  appearance  of  having 
been  thrown  lul  of  the  volcano  when  burning,  both  because  it  vi 
■-  extremely  near  to  it.  and  had  its  hjjjhett  part  in  that  direclion. 
ihickness  exceeded  live-and- thirty  feet,  and  it  was  situated  belweeH' j 
two  layers  of  tufa,  one  above  and  the  other  below.     It  formed  I'l 
high  rock,  perpemiicular  to  one  side  of  llie  road.     A  number  of*l 
labourers  were  continually  employed  in  separating  pieces  of  Ibi*'^ 
lava,  with  picknxes,  or  other  instruments  proper  for  such  work.     It 
is  compact,  heavy,  somewhal  vitreous,  gives  sparks  with  steel,  and 
appeared  to  ine  to  have  for  its  base  the  petrosilex.     Incorpoiated 
with  it  are  found  shoerls  and   teltspars.     The  former  are  sbio 
of  a  dark  violet- colour,  in  shaiie  rectangular  medles,  vitiious 
length  from  the  sixth  of  a  line  to  two  lines:  it  besides  contains  W 
considerable  iiuantity  of  others  which  have  no  regular  form.     Btif4^ 
tlie  feltspars  are  more  conspicuous  than  the  shoerls ;  both  from  tbeir^l 
larger  size  and  greater  number.     They  are,  in  general,  of  a  fi 
ibotnboidal  form,  and  consist  of  an  aggregate  of  small  while  la- 
■nellx,  dully  Uauspareut,  brilliant,  marked  with  longitudinal  slreakt 
parallel  to  each  other,  closely  aditering  together,  but  easily  sepa- 
rated by  the  hammer,  giving  sparks  with  steel  more  readily  Iban  Ihe 
lava :  and,  in  the  full  light  of  day,  exhibiting  that  changing  celout  Jj 
vrliicb  usually  accompanies  this  stone.     The  largest  are  ten  lim 
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long  and  six  broad,  atid  the  smallest  exceed  one  line.  The  shoeifa 
are  also  found  in  the  lava,  in  the  same  manner,  and  are  so  fixed  m  it, 
that  they  occupy  nearly  the  h||f  of  it  It  is  impossible  to  eatricate 
them  entire.  They  are  distributed  within  it  without  any  order,  and 
frequently  cross  and  intersect  each  other  at  right  angles. 

In  some  situations  of  this  lava,  which  are  more  than  other  ex* 
posed  to  the  inclemency  of  the  air  and  seasons,  the  feltspars  ar^ 
visible  on  the  superficies,  by  a  mixture  of  emerald  and  paonaxio, 
probably  occasioned  by  the  action  of  the  atmosphere,  as  from  the 
same  cause  some  volcanic  vitrifactions  acquire  externally  their  pe- 
culiar colour. 

This  lava  has  not  equal  solidity  thronghoutj  being  in  some  phco 
porous,  or  rather  cavernous  ^  and,  in  some  of  its  mrieties,  itwu 
remarkable,  that  it  abounded  with  specular  iron.  Tlin  was  tomd 
in  very  thm  leaves,  for  the  most  part  closely  connected  together. 
These  are  extremely  friable ;  and  the  finger  being  passed  over  then, 
they  adhere  to  it  like  particles  of  mica.  But  their  small  siae,  wfaki^ 
in  the  largest,  is  scarcely  a  line,  renders  it  necessary  to  make  oseof 
a  lens  to  examme  them  properly ;  by  the  aid  of  which  we  shall  fad 
that  they  are  of  very  different  shapes,  have  the  lustre  of  bumiM 
steel,  and  tliat  many  of  them  appear  to  be  an  aggregate  of  small  this 
scales,  closely  united. 

This  iron  acts  on  the  magnetic  needle,  at  the  distance  of  twd 
lines.  Like  many  other  irons  exposed  to  the  air,  it  has  acquired 
polarity ;  attracting  the  needle  on  one  side,  and  repelling  it  on  the 
other. 

When  we  extract  these  thin  scales  of  iron  from  the  lava,  and  ei- 
aminc  them  with  the  lens,  there  frequently  appear,  intermingled 
with  them,  various  fragments  of  microscopic  transparent  prisms, 
which  I  at  first  thought  to  be  shoerls,  or  feltspars;  but  which  after- 
wards I  rather  conceived  to  be  zeolites,  as  they  exhibited  the  sp- 
pearance  of  radii  diverging  from  a  centre:  hot  their  extrene 
minuteness  rendered  it  impossible  accurately  to  ascertain  their 
species. 

Proceeding  along  the  road  to  Solfiitara,  we  find  on  the  left  hsod 
a  natural  ridge  of  rock,  formed  of  a  very  light  lava,  the  base  of 
which  is  horn-stone,  of  the  colour  of  blue  baked  brick,  of  a  coarse 
earthy  grain^  which  attaches  slightly  to  the  tonguct  and  gives  an  tr^ 
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I     gillaccous  HCDt,  OD  welting  it,  or  even  merely  tnoUleniiig  it  (f  ilb  tht 
\l     breath  *. 

I"         It  is  verjr  probable  thai  this  lava  has  been  decomposed,  ami  Ibat  ■ 
|l     Ihe  ileconipoution  Iia«  penetrated  to  the  feltspars  with  which  it 
I      abounds,  a«  they  are  l)ecomc  vtry  tritible,  though  they  in  general 

■till  letain  Ihcir  natural  brilliancy. 
I  Having  made  IbcM  cursory  observations,  I  proceeded  lo  Solta^ 

tan:  nor  did  I  satisfy  myself  with  one  visit  only,  but  repeated  it 
•event  days;  being  exlreineiy  desirous  cwrefully  lo  examiue,  and  j 
ftuu  every  infoniialion  relative  lo  a  place  so  celebrated, 

Fiom  reading  the  notes  of  M.  Dietrich  lo  Ferber's  Travels  in  Halj^  j 
I  hail  been  induced  lo  imagine  that  Solfotara  was  a  mountain  isolated  I 
ea  every  sidel;  but  the  truth  is.  it  is  coiuiected  with  the  other  nei^  1 
bouitng  mountains,  with  whicli  it  fbrnts  an  uninterrupted  chain  of  j 
ronsidenlile  extrnl. 

It  would  be  but  of  little  utility  for  me  to  (leMiibe  M  length  the  I 
form,  extent,  and  circuit  of  tliis  Fblegrean  6el(l ;  the  various  (\a»*  t 
lilies  of  the  hot  vapours  which  exhale  from  it ;  or  llie  hollow  uotM  i 
which  b  heani  on  striking  ibe  ground  in  various  parts  of  it ;  nut  tint  J 
these  eireumstances  were  not  carefully  examined  by  me,  or  that  t  ^ 
think  them  unworthy  of  my  narrative,  but  because  il  Hp)>ears  Ii 
gnnccessBty  to  enlai^  on  them,  as  they  have  been  already  repeatedly  ] 
described  by  a  great  number  of  travellers.  It  will,  in  my  opinion,  be  1 
Store  agreeable  lo  the  naturalist  to  proceed  lo  a  minute  examination  I 
of  tlie  principal  productions  of  ihb  yet  luiextinguished  volcano,  idf  i 
Ihey  have  hitherto  been,  for  the  most  part,  either  unobservetl  o^  J 
(ttued  over  in  silence.  1 

In  the  obscurity  and  uncertainty  in  which  we  find  ourselves,  kb  1 
lative  to  the  causes  productive  of  subtermneous  conllBgrations, 
tpoulaneous  inflammation  of  sulphiircs  of  iron  (or  pyrites)  has  b 
considered  as  one  of  the  moat  probable.  The  well-known  expef^  I 
neat  of  Lemery,  by  which  a  ainiilar  conflagrdlion  is  produced  by  ' 

•  *  In  maiiy  larai,  the  KtDl  of  clay  is  prnciTH,  oo  moiitcnlni;  (hrm  wlifa 
die  tircBlli,  or  by  otbtr  mniK  ;  whenrTCr,  Ottrttotf,  I  may  berrmftrt  mrnlion 
Ibe  sffillBceoui  kcdI  of  inn,  1  bIwbji  Qndentand  II  lo  hB«c  btea  nityecud  to 
thishumeclaliua,  Ihogub  [  ooiil  to  mPQlion  il,  loniuld  praliiiiy.' 

t  La  Solf&lare  re)>rferDle  encore  ni^joQrd'hBi  m>e  montngae  aaiti  Ue*te  el 
iioUe  it  (an)  eilb—Ltttni  nr  U  miuralafu,  ^u  it  flUH*,  Ijt, 
VOL.  I.  2  1. 
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mixing  filings  of  iron  with  powdered  sulphur  properly 
hns  given  great  support  to  thb  opinion.  But  sulphures  of  iron,  ia 
volcanic  couutries,  are  less  frequent  than  has  been  supposed.  This 
has  been  clearly  proved  by  the  accurate  observations  of  oiioendo* 
gists  who  have  written  on  them.  And  though  Sir  WiUiani  Ha- 
milton expressly  affirms  that  both  Etna  and  Vesuvius  abonod  with 
them*,  it  is  now  well  known  that  he  mistook  the  shoerU  for  sul- 
phures of  iron  (or  pyrites),  from  want  of  mineralogical  knowledge; 
In  fact,  Signior  Doloiuieu,  in  his  Catalogo  Ragionato  de*  Prodoiti 
dell*  Etna,  mention!  only  one  single  piece  oi  lava  as  containing  toU 
pure  of  iron :  sod  the  Chevalier  Gieoni,  in  his  Litologia  Vesaviam, 
has  never  noticed  any  such  production.  In  Vulcano  and  Slromboli 
two  blands  which  are  ro  a  state  of  actual  conflagiatioD,  I  could  tract 
DO  vestiges  of  such  sulphure».  As  the  same  kind  of  subttaaee, 
therefore,  is  found  diffused  in  sevend  parts  of  Solfiitara,  I  think  it 
well  deserves  that  we  should  carefully  consider  it,  and  the  bodies 
with  which  it  b  found  united. 

U  The  stones  v^hich  I  here  undertake  to  describe  are  prindpailj 
found  in  the  interior  sides  of  Solfatanu  The  first  I  shall  awntioa 
exhibits,  both  externally  and  internally,  a  number  of  shning  |Hw 
tides,  which,  when  examiiled  by  the  lens,  appear  to  be  small  aggit* 
gates  of  sulphure  of  iron,  some  crystallised  in  cubes,  others  in  glohc% 
and  others  in  irregular  figures.  When  the  flame  of  the  blow-pipe  ii 
applied  to  them,  they  begin  to  lose  their  yellow  colour,  which  qukklj, 
in  consequence  of  their  destruction,  entirely  disappears ;  when  m 
odour  slightly  sulphureous  is  emitted. 

Thb  substance  is  a  lava,  the  base  of  which  b  hom-stooe ;  in  put 
decomposed,  light,  friable,  granulous,  and  of  a  cinereous  colour. 

II.  The  small  sulphures  of  iron  in  this  .second  lav&  are  less  nuni^ 
rous,  but  in  their  qualities  very  analogous  to  that  already  describedl 
except  that  (hey  are  less  decomposed  and  less  friable. 

III.  The  appearances  exhibited  by  thb  lava  are  two.  The  a- 
temal  part  is  extremely  white,  and  so  decomposed  that  the  slightest 
blow  reduces  it  to  powder ;  we  likewise  find  in  it  d6me  of  the  a- 
temal  characters  of  ordinary  chiy.  It  tenaciously  adheres  to  Ik 
inside  of  the  lip,  is  soft  to  tlie  touch,  and  becomes  still  more » 


•  Both  these  moanuins  abound  with  pyrites. — Campi  PklegrttU 
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wixn  sl)ghtl<^  motsteoed.  It  ahwtha  water  greedilv,  am(  wilb  a  lund 
of  liissing  noise:  bulU  not  redurible  to  a  lubricio us  paste  as  clay  is. 
But  the  interniil  part  of  ifaia  liiva,  besides  beiug  of  »  ipey  colour.  i> 
tfarw-fourth*  heavier,  and  in  its  «on])Mrtness,  and  its  grain,  ap> 
proacttcs  to  that  species  of  calcareous  earib,  called  cakareui  aipia.- 
}kii%,  though,  in  facr,  it  onlv  metublei  it  in  appearance,  not  being 
reduced  to  caU  hy  fire,  nor  dissolved  by  acids.  In  ibis  lava,  ihe 
auIphuK  -or  iron  is  not  found  in  rubes  or  globes,  but  in  thin  lamella; 
ud  \s  dinjwrsed  throughout  its  whole  substance,  especially  in  ceriiiin 
part*,  where  llie  colour  of  tlie  stone  inclines  to  black,  Hud  has  a 
greater  coatisteocy.  No  sign  of  ihis  mineral  appean  in  the  white 
decompounded  lava,  probably  beeause.it  was  destroyed  gradually, 
is  proportion  as  the  deconiposilion  took  place. 

IV.  This  lava  is  imicb  heavier  than  the  three  preceding;  which, 
M  doubt,  arises  from  the  greater  abundance  of  lulpbure  of  iron  thai 
it  contains.  The  shining  particles  of  this  mineral  are  principally  to 
W  seen  in  ill  vacuities  (of  nhich,  however,  it  bas  not  mant).     They 

e  polyhedroui,  but  the  number  of  their  f4ce*  is  not  constant, 
hen  exposed  to  the  fire,  it  loses  its  brassy  colour,  biimi  with  a  thin 
ue  flame,  and  emits  a  strong  sniell  ot  sulphur.  Tbe  Inva  which 
MOtitains  it,  and  wliich  is  of  a  livid  grey  colour,  is  in  some  siluatjoiw 
M>fl  that  it  may  be  scratched  with  llie  naN,  but  in  others  much 
Imrder,  and  some  of  it  wdl  give  sparks  with  steel.  In  this  lava,  the 
of  which  appeared  to  me  lo  be  horn-stone,  we  find  crystallized 
felt^tars,  but  decomposed,  ibough  less  so  than  the  lava  in  which  they* 
U<  inclosed. 

V.  Around  the  extensive  plain  of  Solfalara,  we  observe,  in  several 
■laces,  a  circular  ridge  of  sleep  rocka.  which  once  I'onned  the  upper 
■ides  of  this  enormous  crater.  TIte  min  water,  descending  this 
declivity,  over  the  decomposed  lava,  carries  down  with  it  the  more 
Bin ute  pari!  to  the  lower  grounds,  where  \-arious  concretions  arc 
{produced,  especially  those  stalactites  which  are  commonly  called 
aaHiei.  or  fMoiitet  ".  But  of  llic»estalactiles  we  shall  speak  here- 
after. Here  we  shall  only  notice,  that  this  water,  in  its  descent, 
csrries  down  with  it  small  pieces  of  decompos^l  lava,  and  ihat,  iu 


•  Varieties  of  tbe  Ttplmi  taUtkai  of  Ihc  Sy«.  Jial.  or  ihr  ComitacI  Limi. 
;^(Mt*rKirw«>. 
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some  places,  many  of  tliese  pieces  are  found  united,  and  bound  to* 
getber  by  a  crust  of  sulpbure  of  iron.  It  is  black  where  it  is  exposed 
to  the  iiuniediate  action  of  the  air,  but,  in  the  Iracttires  of  m  shining 
appearance,  thouj^  the  colour  inclines  more  to  a  lead-colour  than  to 
yellow.  Its  s  ructure  is  scaly.  The  sulphures  of  iron  which  hate 
before  been  mentioned- give  fire  with. steel;  but  this  does  not*  fraa 
want  of  sufficient  hardness.  It  abounds  with  sulfihor  ;  aince,  bcai| 
exposed  to  the  flame  of  the  blow.pipe,  it  visibly  melts,  aad,  tk 
activity  of  the  fire  being  uicreased,  9  blue  flame  arises,  which 
nnes  till  the  crust  is  consumed,  nothing  resiainiqg  but  m  vety 
quantity  of  a  white  palverous  earth,  which  is  no  other  tinm  a  poiti« 
pf  decomposed  lava,  that  had  been  united  with  this  solphur. 

With  this  sulphur,  the  presence  of  which  is  extreaiely  maaifat 
from  its  strong  smell,  is  also  united  arseuic ;  as  suflkiently  appcin 
iroin  the  white  fumes  which  arise  from  tlie  combuatioD  of  tbesii- 
phure  of  iron,  and  which  emit  a  very  sensible  odour  of  garlic. 

These  are  the  volcanic  matters  which,  at  Solfatara,  abound  Bon 
pr  less  with  sulphures  of  iron.  But  whence  is  their  origiot  It  ii 
well  known  they  are  formed  by  the  combination  of  sulphur  with  ina. 
With  the  former  this  volcano  abounds,  whence  it  obtained  the  wmt 
of  Solfatara;  and,  as  the  latter  is  almost  always  found  mixed  with 
yolcanic  productions,  which  commonly  derive  from  it  their  vaiyini 
colours,  we  have  thus  the  two  proximate  principles  of  sulpbaic 
of  iron.  But  is  their  combination  elected  by  the  dry,  or,  ai  ii 
more  ptobable,  by  the  humid  way  ?  I  find  it  diflkult  to  conceiic 
how  it  ran  take  place  by  the  first  method,  on  account  of  the  speedy 
dissipaaon  of  the  sulphur  sublimed  by  fire,  which  must  prevent  its 
uniting  with  the  iron  to  form  these  sulphures.  It  appears  to  ne 
piore  probable  that  they  have  been  formed  by  the  action  of  water, 
which  havuig  penetrated  the  lava,  the  sulphur,  dissolving  in  the  iiad, 
has  combined  with  the  iron.  But  as  such  solutions  of  sulphur  ia 
water  seldom  take  place,  as  Bergman  has  observed,  we  rarely  fiod 
sulphures  of  iron,  in  volcanized  countries,  notwithstamling  the  ei- 
istence  of  these  two  minerals. 

But  let  us  continue  the  description  of  the  prodoc lions  of  thii 
celebrated  place,  the  greater  part  of  which  are  decomposed  lavas; 
though  this  decomposition,  notwithstanding  it  has  been  aoticed  hy 
several  writers,  has  not,  to  my  knowledge,  been  examined  by  asj 
one  with  requbite  care  and  attention. 
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VI.  This  lav-d  is  ci'loiireil  mi  the  upper  (tart  tviili  a  covering  of 
kHuw  oxjde  of  iron,  unilcr  which  is  a  nhite  ileconipaKd  slratum, 
to  which  corresponds  aimllicr  liiwer  one  of  a  cliiercim  colour,  when 
I  Uie  lavu  n  much  less  changed.  Theie  two  strala  lonn  a  very  strotig 
coDtra«l.  The  while  muy  bt.-  cut  willt  a  Lmfe,  in  sonit  places  niuic 
CB^Iy  and  in  some  less  ;  Hdheres  to  the  tongue,  does  nui  give  sparki 
with  steel,  feels  soft  to  the  wet  finger  passed  over  it,  has  consider' 
able  lightness,  and  being  struck  with  a  hammer,  gives  a  d<dl  sound* 
like  earth  moderately  hardened.  Ou  the  cuutrary  the  cinereoiu 
•iFHluin  sounds,  when  struck  with  a  hamnur,  like  a  hard  tlone,  of 
which  it  also  has  the  weight ;  is  roujjh  to  iht  lourh,  scarcely  at  all 
adheres  to  the  tongue,  gives  fire  with  steil,  mid  caimut  be  cut  with 
the  knife.  The  white  sirDlum  in  some  places,  is  an  inch  thick,  aod 
io  others  more,  but  there  are  likewise  places  where  it  is  only  a  few 
lines  hi  tliJckness.  The  white  utratum,  in  general,  changes  insert^ 
nbly  into  the  cinereous,  but  in  some  places  the  separation  is  suddeil 
■nd  abrupt. 

Tlie  feltspars  ui  this  hn  (for  of  these  it  is  full)  are  prisms ;  ilia 
largest  of  which  are  ten  tines  in  length, and  Ihesmnllesl  the  sixth  A^ 
a  line.  In  the  cinereous  stratum,  uolti  ilhiilanding  a  beginning  At* 
composition  ina;  be  perceived,  the  fellspan  are  uiiimpireil.  Oa 
the  contrary,  in  the  more  decomposed  stratum,  I  meau  the  nhitc^ 
their  decomposition  is  very  apparent  g  they  have  all  lost  their  traof- 
parcncy,  though  many  of  them  ttill  retain  their  splendour.  Othen 
have  acf]uircd  a  resemblance  to  a  sulphate  of  lime  that  has  remainnf 
some  time  in  the  fire ;  to  which  they  might  likewise  be  compared  io 
■ofloess,  had  they  a  little  less  consbteiice.  Some  of  them  are  in- 
fixed in  that  part  of  the  lava,  the  colour  of  whidi  is  between  the 
riiiereous  and  white,  and  here  we  fitid  thi^m  less  changed  than  iu  th« 
stratum  which  is  entirely  white.  Others  have  one  part  uf  them  la 
the  while,  and  the  otber  in  the  cinereous  stratiini ;  in  wfairh  case  wv 
fiml  the  part  fixed  tn  the  latter  stratum  to  havi-  suf&fed  nothing,  baft 
Uiat  in  the  former  considerably.  In  short,  iViim  (he  inspection  of 
'  this  lava,  it  is  manifest,  that,  in  propotlioo  as  the  nature  of  il  is 
changed,  the  feltspars  it  contains  undergo  a  change,  except  wheil 
the  principle  producing  the  altcratioa  is  unable  to  affect  them.  B«> 
Stdes  these  feltspars,  we  find  incorpofaled  with  the  lava  a  number  of 
very  small  and  almost  invbibie  black  shoerls,  which  are  not  disTJiH 
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guishable  where  the  lava  is  white ;  less;^  perbapf^  because  they  do 
not  exist,  tliaii  because  they  have  lost  their  caloor,  i»  coaseqneoee  of 
the  decomposition. 

This  lava,  which  i^  of  a  roargaceous  base;  4ocs  not  liquify  ia  tk 
furnace,  when  its  decomposition  b  eomiderable ;  but  other  parts  of 
it,  which  have  been  less  decomposed,  are  reduced  to  a  kind  of  fiiL 

VII.  Solfatara,  perhaps,  does  not  afford  a  lava  more  compact,  hard, 
heavy,  or  of  6ner  grain  than  this.  Its  composition  b  8iiioeous»  ili 
colour  grey,  it  gives  sparks  strongly  #ith  steel,  and,  at  tbe  distaaot 
of  two  lines,  attracts  the  magnetic  needle.  Its  base  b  of  tbe  petn^ 
silex,  and  it  contains  within  it  different  feltspan  and  sbocris;  bit 
some  of  the  latter  have  been  melted  by  the  fire,  as  appears  from  the 
bubbles  or  speckles  occasioned  by  the  liquifiictkNU  Tbb  la?a  is  ct- 
vered  with  a  very  white  crust,  nearly  an  inch  tliick,-pfodaoed  by  tk 
decomposition  it  has  undergone.  The  effects  of  tbe  foraaoe  oo  tl» 
lava,  are  nearly  the  same  with  those  on  the  lava  No.  VI, 

VII  I.  Thb  lava  b  entirely  decomposed.  On  tbe  snr&oe^  and  Ibr 
some  depth,  it  b  white,  and  almost  pulveroua;  but  ui  tbe  kOfml 
part  the  white  colour  changes  into  a  reddbh  Uut,  and  acqniro  a  de- 
gree of  hardness ;  though  not  too  great  to  be  cut  with  akknile,  Ike 
leltspars,  in  which  it  abounds,  have  suffered  different  degrees  of  de- 
eoniposition.  Some  of  them,  besides  being  calcined,  attncb  $tam^ 
to  the  tongue.  Others,  when  viewed  with  a  common  Icns^  apiKsr 
full  of  filaments ;  but  when  examined  with  a  deeper  magmfier,  these 
filaments  appear  to  ba  no  other  than  extremely  tbin,  strialed,  sad 
very  friable  laniinse.    Thb  production  b  infusible  in  tbe  fiuiiaoe. 

IX.  Tbe  feltspars,  in  thb  lava,  occupy  more  tban  one4hird  of 
its  mass.  They  are  in  shape  flat  prisms,  and,  exoept  baviag  womt* 
what  less  hardness,  retain  all  the  qualities  which  characterise  tiie 
species  of  stoue  to  which  they  belong.  Thera  are  also  a  number  of 
sboerls,  which,  from  their  extreme  minuteness,  appear  like  poiats, 
but  are  easily  distinguishable,  by  their  black  colour,  from  tbe  bfii 
which  b  whitish,  and  has  greater  consbtence  than  that  of  No.  VIM. 
It  is  likewbe  heavier ;  to  which  the  quantitj  of  feltspars  but  littk 
changed,  which  it  contains,  undoubtedly  contributes. 

X.  The  sboerls  which  make  so  great  a  part  of  the  otber  kinds  of 
laya,  are  found  so  strongly  adherent  to  th^,  that  we  osoally  can 
only  separate  them  iu  fragments.    The  present  lava,  in  tbb  respect. 
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fffen  an  excepiiou  wtiitii  may  be  coiisJdcrei]  as  rvconimeuiiulurj  of 
it.  It  liaa  acquired  so  great  a  degree  of  soltiiess  by  ils  deconipo>, 
litioii,  that  the  numerous  slioerli  it  coDtaius  may  be  ilelaclieri  from 
it  entire.  Tliey  are  litxagonal  |iriiin>,  traucated  perpvudicular  la 
llieir  as»i  the  faces  of  wlijcli  are  slightly  striatrd  lengthwise,  aud 
Ibeir  colour  is  a  yrllowikh  black. 

In  tfcn  lava,  the  base  of  which  appeared  to  me  of  hora-stoue, 
anolber  more  remarkable  peculiarity  presents  itself.  Ou  breaking 
it,  the  fractures  discover  a  Dumber  of  srualt  caverns  jewelled)  if  1 
may  employ  the  term,  with  a  uiullitude  of  extremely  minute 
shoerls  of  ^liffereiit  colours,  some  green,  some  yellow,  others  of  a 
dark  chesnut,  but  atl  similar,  Uciag  hexagonal  prisms,  with  rhom- 
boidal  (mces,  aud  each  terminating  in  a  ilihedrous  pyramid.  Thetr 
angles  are  regular,  their  facei  ahioiag,  and  in  part  Inuisparent. 
They  sometimes  form  geodes  in  the  body  of  the  lava.  To  examine 
then)  a  lens  U  necessary,  and  a  good  magnifier  clearly  to  perceive 
other  sboerls  still  more  iniaute,  Tlie^e  are  infixed  in  the  small  ca- 
vities before  mcnlioned,  and  though  tliey  are  extended  to  a  con- 
sidenbte  length  lu  front  of  the  others  before  described,  are  so 
minute  and  numerous  that  a  suigle  cavity  will  contain  a  hundred  of 
them.  Every  one  of  both  these  kind  of  shuerls  has  one  extremity 
Axed  in  thelava,  anJ  the  other  in  the  air,  and  all  together  appear 
like  a  wood  lu  roiuiature.  1  was  at  first  iu  doubt  whether  I  should 
consider  them  as  shoerls  or  volcanic  glaM,  as  more  than  one  instance 
has  been  known  of  such  glass  reduced  to  a  capilhiry  minuteness 
within  lava.  But  the  latter  appeared  to  me  improbable,  because 
al^er  all  the  observations  thai  have  hitherto  been  matte,  vre  are  not 
yet  certain  that  any  rolcanic  gfass  has  been  found  crystallized;  for, 
with  respect  to  the  pretended  crystallization  of  some  glasses  in  Ice- 
bind,  we  have  not  facts  which  demonstrate  it  iocontrovertibly.  On 
the  other  hand,  tlie  minute  corpuscles  I  have  described,  if  not  all, 
at  least  those  which  from  their  larger  size  are  more  descemible 
by  tlie  eye,  have  a  prismatic  figure,  and  analogy  must  uiduce  us  to 
conclude  tlie  same  of  the  rest. 

I  inclbe  to  believe  these  intinitesimai  crystallizations  produced, 
after  the  cooling  of  the  lava  within  the  cavity  in  which  they  are 
found  from  extremely  subtle  shoerlaceous  sediments  by  the  fillip, 
tioa  of  water. 

2  L  4 
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XL  The  oolites,  mentioned  in  No.  V.  lie  in  certain  snail  chaa* 
Dels  of  Soifatiira,  through  which  the  water  runs  wh^  it  rains.  Thej 
are  either  roimd«  or  somewhat  flaltened :  rather  more  than  half  ^a 
inch  in  diameter,  white  as  suow»  extremely  light,  easily  crumbled, 
and  convertible  into  an  almost  impalpable  powder.  They  aiibere 
strongly  to  the  tongue,  and  are  composed  of  a  number  of  thin  scales. 
The  formation,  therefore,  of  thb  volcanic  stalactites  does  not  difer 
from  that  of  the  other  species* 

It  would  be  superfluous  to  speak  here  of  the  sulphate  of  lime 
adherio);  to  some  kinds  of  lava,  or  of  the  sulphate  of  iron  and  the 
oxyde  of  red  sulphurate  arsenici  as  these  productions  of  SjoUalaia 
have  already  been  sufficiently  examined  and  described  bj  otberib  and 
I  have  DO  particular  observations  concerning  them  whi^  mcijt  ||>  be 
mentioned* 

XII.  It  is  not  uncommon  to  find  at  Solfatarm  pumices  of  variov 
BftcleB ;  and  it  is  more  probable  that  they  have  been  tfnowii  outef 
this  volcano  than  from  any  of  the  others.  We  do  not  find  tbem  ia 
great  masses,  as  in  other  places,  l^ut  in  detached  piecies  ^nd  &$^ 
ments.  I  shall  only  remark  one  particular  relative  to  them»  as  it 
appears  to  me  that  in  every  other  respect  they  perfoptly  rt seadhk 
those  already  known.  We  now  know  that  pumice  Is  only  a  ghis 
which  wants  but  little  of  beii^  perfect ;  and  seems  to  requin!  only 
a  degree  more  of  heat  to  become  sudu  The  transition  from  glsjs 
less  perfect  to  perfect,  may  be  perceived  in  some  of  these  pumices 
in  a  very  evident  manner.  In  some  places  their  texture  ia  fibroai^ 
and  the  fibres  are  vitreous ;  but  without  that  smoothness^  that  lustre, 
and  that  degree  of  transparency,  which  are  inseparable  irom  vtilcaoic 
glasses.  But,  following  them  with  the  eye,  we  perceive  them  coo- 
solidate,  here  and  there,  into  masses  of  various  sixes,  which  r«  sembk 
a  shilling  and  smooth  varnish,  but  are  ia  fact  perfect  glassy  as  will 
sufficiently  appear,  if  they  be  detached  from  the  pumice,  and  ex« 
amined  separately.  These  are  sufficiently  hard  to.  give  sparks  with 
steel,  a  property  observable  in  every  volcanic  glass. 

Having  now  described  the  principal  productions  of  the  interior 
part  of  Solfatara,  I  bhall  proceed  to  make  a  few  observations  oo 
some  which  are  found  in  its  exterior ;  in  that  part  which  b  next  to 
the  Pisciarelli,  so  called  from  the  warm  bubbling  water  whith  issues 
with  some  noise  from  the  bottom  of  a  little  hill  contiguous  to  this 
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volooo,  and  wliich  has  b^rn  loni,'  celebraltd  fur  U%  lutdidiml  vit- 
luFs.  I  collected  here  sprcimeiis  of  live  kinds  ot'  lava  ;  bul,  us  m 
(heir  general  qualities  they  are  analogous  tu  those  already  dcKribed, 
I  shall  otdy  mention  them  in  a  ciifsorj  manner. 

Xin.  The  lint  iperiinen  it  a  simple  or  homogenenus  lava,  in 
vihtch,  notwithstanding  the  most  carefid  examiualion,  I  could  not 
discover  eUher  shoerU,  feltspars,  or  any  extraneous  body.  In  other 
respects,  tike  (hose  befure  tnenlioned,  it  ia  decomposed,  adbttes  to 
the  tongue,  is  friable,  but  without  crumbliuu  under  tbe  tinger  :  its 
whitenets  extends  through  its  whole  m^ss,  and  ivlierever  it  is  broken 
has  llie  taste  of  sulphate  of  alumine,  (or  alum). 

XIV.  Tlie  second  specimen,  through  nearly  half  of  it,  exhibits  ■ 
similar  decoinposilion,  and  is  of  a  white  colour  ;  but  the  oilier  half, 
which  is  of  a  lead  colouri  has  sutlered  little,  gives  spurks  strongly 
with  steel,  and  moves  the  magnetic  needle  at  two  lines  distance. 
This  lava  has  for  its  base  the  petrosilei.  Both  that  part  of  it  which 
is  slightly  decomposed,  and  the  other  which  is  more  so,  contaia 
rhomboidal  fellspars,  uf  uhich  the  largest  arc  about  an  inch  ia 
length.  Their  alteration  is  :icaTceIy  visible  where  (be  lavu  is  least 
changed;  and  where  it  is  more,  tl  ley  exfoliate  with  some  facility, 
bul  retain  a  considerable  degree  of  their  natural  hardness  and 
splendour. 

XV.  The  third  specimen  is  a  lava  of  a  dark  grey  colour,  siliceoua 
where  fractured,  very  compact,  and  which  givei  sparks  with  steel. 
It  is  of  a  petrosiliceous  base,  and  contains  abundance  of  fellspars 
and  thoerls.  But  to  shew  these,  it  is  necessary  to  divest  it  of  a  thick, 
whitish,  and  half-pulverous  crust,  produced  by  its  decomposition. 
In  this  crust  the  shoerls  und  feltspars  retain  some  consisteuce,  but 
have  lost,  in  a  great  degree,  their  lustre. 

XVI.  The  fourth  specimen  contains  within  it  anucleusof  a  deep 
red  colour,  of  the  hardness  and  appearance  of  the  carbonates  of 
lime  (calcare«useartlis),  of  a  lioe  grain,  hut  which  is  not  dissolved  or 
adecte<lby  acids,  nor  yields  sparks  with  steel.  It  attracts  the  mag- 
netic  needle  at  the  distance  of  one  line.  It  contains  a  number  of 
fissures,  through  which  has  penetrated,  together  with  water,  a 
quartzous  matter,  which  has  consolidated  into  a  semi-transparent, 
and  somewhat  rough,  covering,  I^i  this  lava,,  which  is  but  little  (!<• 
composed,  are  found,  dispersed,  a  number  of  Itnall  masses  of  sul- 
phur of  iron. 


I 
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XVII.  SouiU  fhocriSk  tnd  large  ciystiUised  Mttpmn,  iKcnpj  the 
svbstauce  of  this  last  km,  which  is  aomewhat  porous,  but  sdB- 
dently  hard  to  give  sparks  with  steel.  It  is  covered  with  a  whitisii- 
^ellow  crust,  which  flakes  off  with  a  knife,  and  a  leddish  tinc- 
ture has  penetrated  to  its  interaal  part,  which  is  of  a  hlarlTiih 
ground. 

In  these  lavas  of  Pisciaielli,  the  decomposition  hai^  likewise,  been 
much  more  considerable,  than  in  the  feltspars  and  sboerla  which 
they  contain  within  thenu 

I  do  not  pretend  to  be  certain  that  I  have  enumerated  all  the 
species  of  lava  to  be  found  at  SoUatara :  it  is  possible  there  may 
be  others  unobserved  by  me.  I  am  persuaded,  boweyer^.  that  I 
have  described  the  principal ;  and  such  as  enaUe  ae  to  deduce 
ftom  their  qualities  the  following  conclusions. 

1.  Almost  all  the  species  of  lava  hitherto  described^  are  more 
or  less  decomposed,  and  this  decomposition  is  usually  aoeompanied 
with  a  proportiooable  degree  of  whiteness.  Thb  observatioo  has 
been  made  by  several  authors;  and  first  by  Sir  Wiiliapi  UamiltOB, 
and  M.  Ferber,  who  have  endeavoured  to  account  for  the  ftct  by  a 
very  plausible  reason,  which  is,  that  the  sulphureous-acid  vapoun, 
whkh  issue  from  Solfatara,  and  must  have  been  produced  iit  ap  in* 
finitely  greater  quantity,  when  the  conflagration  was  at  its  height, 
penetrating  the  lava  by  degrees,  have  insensibly  softened  it,  aud 
given  it  a  white  colour.  And,  in  fiict,  similar  changes  are  observed 
to  take  place  in  a  piece  of  black  lava,  exposed  for  a  suflkient  time 
to  the  fumes  of  burning  sulphur.  But  it  does  not  hence  follow  that 
this  lava  will  be  changed  into  an  argilkureous  substance,  as  the 
above-mentioned  Swedish  philosopher  would  have  us  believe ;  since, 
from  a  chemical  analysis,  it  appears  that  an  earth  of  that  kind,  com- 
bioed  with  other  principles,  pre-existed  in  it,  and  has  only  been  ren* 
dered  manifest  by  the  diminution  of  aggregation  produced  by  the 
before-mentioned  vapours. 

It  is  likewise  not  strictly  true  that  the  walls,  or  inclosing  sides,  of 
Solfatara  are  eveiy  where  white  and  decomposed,  as  we  might 
infer  from  the  description  of  M.  Ferber.  Those  who  look  towaid 
the  south,  indeed,  are  so,  but  not  those  which  are  situated  m  ano- 
ther direction,  and  especially  those  which  firont  the  north,  which  are 
of  a  bhickish  colour,  ^nd  little,  or  not  at  all,  decomposed.  The 
Abb6  Breblak,  Director  of  Solfatara,  who  accompanied  me  when  I 
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iDHile  my  nbacrviilious,  Biiggcsted  a  very  probable  rraj>on  Tor  llii> 
iliversily  of  appvaraace  in  tiic  diScicnl  sides,  observing  tbal  llie  sul- 
phureous ackl  i«  less  puwerlul  lu  effect  the  decunipouliou  of  lava, 
«ik1  requires  longer  t'uiu.;  when  the  lava  has  considerable  liuinidily; 
wliich  humidity  must  be  much  lets  on  the  aoutheru  side,  where  ibe 
heat  of  the  suu  is  greatest.  In  fact,  lie  exposed  a  ptcee  of  solid 
lava,  to  a  very  humid  sulphureous  exhalation,  at  Solfalara, 
during  two  nioDlhs,  without  produciug  in  it  the  Ivast  decontpo- 
sitioD. 

'2,  The  observations  I  have  made,  convince  me  tiiat  the  altemlioos 
here  described  always  take  place  in  the  up)ier  part  of  the  Inva :  and 
Uiat,  in  proportion  as  we  penetrate  downwards  into  it,  tliey  become 
gradually  less,  aud,  at  a  cerljiu  depth,  entirely  cease.  Ttiis,  at  first 
view,  does  not  appear  to  accord  wilb  llie  cSi-ct  of  sulphureous  va- 
pours, which,  rising  from  the  bottom  of  Sultatara,  and  passing 
ihrongh  the  lava,  might  be  e:(pccted  to  cause  a  greater  change  in 
the  lower  parts  than  the  higher,  from  their  having  there  greater  beat, 
and  cousequeDtly  being  more  active.  But  we  luust  conuder  that 
this  may  indeed  be  the  nature  of  their  action,  where  the  lava 
is  s{>ougy.  or  at  least  very  porous,  but  not  where  it  is  compact,  and 
almost  iuipcnelnible  to  such  vapours  t  as  is  that  of  Solfatara.  And, 
in  &cl,  we  fiud  tital  the  sulphureous  fumes  which  arise  there,  do  not 
issue  from  the  body  of  tlie  lava,  but  always  from  fissures  or  aper- 
tures in  it,  or  the  subjacent  tufa.  These  impediments,  therefor^ 
prevent  them  from  acting  except  on  the  surface,  when,  issuing  forth, 
they  are  driven  over  it  by  the  wind,  and,  penetrating  the  lava,  in  a 
long  coune  of  time,  produce  the  changes  in  question.  We  meet 
with  few  decomposed  lavas,  within  which  we  do  not  find  fra{.-mcats 
of  sulphur  adherent,  condensed  there  by  the  acids  above- me ntKioed, 
and  which  are  of  the  lauic  kind  with  that  produced  in  such  abun- 
dance inSolfatara. 

But  what  productive  cause  ihall  we  aaeigo  for  those  sulphureous 
vapoury  the  ilow-  destroyers  of  the  lava,  which  conliuually  istue 
from  a  uomber  of  fissures  in  Soltalan.  in  the  form  of  hot  while 
fumes  I  I  can  conceive  uo  principle  to  which  they  cau  with  greater 
probability  be  ufcribed  than  those  sulphures  of  iron,  (pyrites),  which 
3buu:»d  at  the  bottom  of  the  volcano,  aud  decomposing,  in  conse- 
quence  of  a  mixture  with  the  subterraueous  watent,  ilowly  induue. 
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mad  produce  those  hot  sulphureous  rapours,  which  CTMeutlj  prove 
thit  the  subterraneous  conflagration  is  not  entirely  extingubbed* 
The  noisy  effervescence,  liktwise  which,  in  more  than  one  place  is 
beard  under  the  plain  of  Solfatara,  seenuto  give  a  certain  indicatioB 
of  the  decomposition  of  these  sulphnres 

The  streams  of  vapour,  which  arise  from  Sollatarai  accordmg  to 
fMier  Delia  Torre  ^,  in  the  nighl,  appear  like  flame.  No  peraon 
can  be  more  competent  to  ascertain  the  truth  of  this  fact  thus  the 
Abb4  Breblak,  who  resides  near  the  place,  and  who,  when  I  quea- 
tfoned  him  on  the  subject,  assured  me  that  he  had  neter  observed 
any  such  appearance.  It  is,  however,  not  impossiblei  but  ttaf ,  at 
the  time  he  observed  them,  they  might  have  undeigoiie  some 
diange. 

The  vapoars  which  arise  from  the  ground  of  the  PiacafeUi  are 
?ery  few,  and  almost  insensible,  though  formeriy  they  must  have 
be«i  numerous  and  strong,  as  may  be  inferred  from  the  great 
deeomposition  and  whiteness  of  the  lavas  fbnod  there.  I  bave 
•beady  mentioned  the  noise  with  which  the  springs  thmt  bear  this 
name  burst  from  the  earth.  They  resemble  a  boiliog  caridioo. 
,  The  reasons  assigned  for  tbb  phenomenon,  by  difRsrent  authors^  are 
various,  but,  hitherto,  all  conjectural.  On  applymg  the  ear  to  the 
phee  where  the  spring  issues,  we  may  hear  that  the  bubbling  noise 
does  not  proceed  from  any  great  depth,  but  from  a  small  distance 
fhmi  the  surfieice  of  the  earth.  Were  the  ground,  here,  to  be  dug 
Into,  we  might,  perhaps,  be  able  to  discover  this  secret,  the  know« 
ledge  of  which  might  prove  advantageous  to  volcanic  researches. 

3d«    We  have  seen  that  almost  all  the  lavas   of  SoUatara 

contani  within  them  shoerls  and  feltspars.     But  it  has  been  proved 

that  the  changes  occasioned  in  both  the  latter,  by  the  action  of  sal* 

phmpeous  acids,  are  considerably  less  than  those  which  take  place  in 

the  lavas  in  their  matrices ;  M^hich  diflerence  must  arise  from  the  aa- 

tore  of  these  two  stones,  which  is  less  liable  to  extrinsic  injuries.  We 

find  them,  in  fact,  firmly  resist  the  power  of  the  humid  elements.  To 

the  south  of  Vesuvius,  and  at  a  little  distance  from  Salvatore,  I  have 

fbond  several  pieces  of  very  ancient  lava,  porous,  and  balf-oon> 

iomed  by  time,  which,  however,  preserved  unaltered  their  Mack 

crystallized  shoerls. 
■    *       ■  ■  ■         ■  ■  I 

•  Storia  del  Vcfuvio. 
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llhasbwn  observed  tbat  (he  tiouws  of  Poro|>eii,  loug  nnce  over- 
wWlined  by  Vriufius,  and  now  iti  part  dug  iiilo  aud  cleared,  are 
found  lo  liave  been  buht  of  lava.  1  have  ascertained  Ibis  fact  oa 
(he  apol.  Tliey  are  of  a  retldisb  colour,  vcnr  dry  to  the  lovcli,  and 
souie  of  litem  will  crumble  nndcr  tke  finger,  evident  proofs  uf  the 
change  liiey  have  undergone  :  but  no  sucli  alteration  has  taken 
place  ill  the  shoerU  they  cnnluin  ;  they  still  retain  the  hardness  and 
glassy  splendour  wliicb  is  appropriate  tn  that  stone. 

We  likewise  know  that  the  feltipars  are  indeslnictible  by  the  air, 
ag  appears  in  (he  porphyrii^s  of  wtiidi  ibey  are  a  part. 

4th.  1  have  already  remarked  that  Ihc  lavas  ul  Solfatani  usually 
bave  for  Iheir  basis  the  petrosilex  and  the  hom-stunc.  I  shall  add, 
Uiut  I  have  also  mel  with  the  graiiiie  in  them,  lli'nigh  not  in  a  large 
OiaM,  but  in  small  detached  pieces,  which  induced  nie  to  doubl 
whether  they  properly  bclotig  to  this  volcano  ;  and  a>  they  likewise 
appeared  to  nie  untouched  by  the  lire,  1  rallier  inclined  lo  believe 
them  fldventitiouB.  This  granite  consists  of  two  substances,  qiiarli 
aud  slioerl. 

But  another  production  must  nil  be  forgotten,  Hliich  fonns  large 
beapi  on  one  side  of  the  internal  crater  of  this  volcano.  This  is  an 
ash^oloured  tufa,  of  a  middling  cou^isleiice,  in  strata  of  various 
thickness,  with  (be  superficies  of  each  stratum  covered  with  a  black 
crust,  in  which  may  be  <liscm'ered  manifest  vestiges  of  plants.  TIm 
Abbe  Breislak,  who  first  observed  this  tula,  after  having  shewn  it 
me  ou  the  spot,  gave  me  some  of  these  impre^ions  of  plants  to  e\i^ 
mine,  conjecturing  them  to  be  some  species  of  the  alga  marina,  or 
sea-tveed.  While  I  was  at  Naples,  I  had  not  ^ulGcient  time  to  mak« 
Mil  accurate  exaroinalion  of  (hem;  but  this  [afterwards  made  at 
Faxia,  from  seveial  specimens  of  the  same  tufa.  Some  parts  exlii* 
biled  only  the  imprestions  of  plants,  but  in  others  1  found  leaves. 
They  are  striated,  with  strite  running  lengthwise,  and,  when  touched 
with  the  point  of  a  needle,  easily  break,  and  appear  converted  into 
1  carbonaceons  substance.  At  first  1  doubted  whcliier  (hey  were 
plants  of  the  alga;  but,  on  examining  llieni  again  carefully  willi  a 
lens,  and  comparing  the  leaves  found  in  Hie  lufd  with  those  of  the 
natural  alga,  I  was  fully  convinced  they  were, 

Tliis  observation  appeared,  both  to  ine  and  the  Abbe  Itreitlak,  (o 
be  of  considerable  importauce ;  since  we  may  conclude  tiom  il,  tliai 
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the  part'of  Solfatan  which  is  formed  by  this  tufa,  hat  ooee  made  « 
{NUt  of  the  bottom  of  the  8ea»  tnd  been  throwo  up  bj  the  action  of 
submarine  fires.  Nor  is  it  improbable  that  the  mt  of  it  has  bad 
the  same  origin,  and  that  all  the  substances  of  this  volcano  have 
issued  from  Che  waters  of  the  sea.  Such  we  know  to  have  been  tha 
origin  of  many  other  mountains,  either  now  actually  bwning^  or 
which  ha\*e  ceased  to  bum. 

It  is  well  known  that,  for  a  long  time»  alum  and  saUammoniac 
hafe  been  extracted  from  this  half-extinguished  volcano.  The  me- 
thod employed  for  each  was  as  follows.  In  the  process  for  the  alum, 
certain  square  places  were  cleared  out  in  the  plain  of  Solfatara,  in 
which  it  effloresced,  and  the  efflorescences  were  swept  together,  and, 
from  them,  by  methods  well  known,  the  salt  was  collected  purified. 
The  sal-ammoniac  was  obtained  by  placing  a  number  of  pieces  of 
tile  round  the  apertures  from  which  that  salt  issued,  in  the  form  of 
a  subtle  vapoot*,  upon  which  the  vapour  was  condensed*  A  descrip- 
tion of  these  two  methods  is  to  be  found  in  almost  all  the  authors  who 
have  written  on  Solfatara ;  some  of  whom,  with  reason,  censure  them 
as  fanperfect,  and  consequently  not  likely  to  prodn^  the  profit  which 
nqgfat  be  obtained. 

But  we  may  now  hope  that  both  these  manufactures  may  become 
djects  of  importance,  under  the  direction  of  the  Abb6  Breislak,  and 
the  liberal  patronage  of  Baron  Don  Giuseppe  Breotano,  who  has 
taken  this  celebated  Phlegrean  field  at  a  constant  rent.  The  Abbe, 
proceeding  on  the  principle  that  the  quantity  of  alum  procured  from 
Solfiitara  must  be  proportionate  to  the  area  of  the  space  on  which  it 
effloresces,  instead  of  the  narrow  squares  formerly  appropriated  to 
this  purpose,  and  called  gardens,  has  greatly  extended  the  spaces 
allotted ;  and  that  the  preparation  of  this  salt  may  not  be  prevented 
by  the  rain-water  draining  into  the  bottom  from  the  steep  sides  of 
the  volcano,  he  has  surrounded  them  witL  small  ditches,  with  deep 
wells  at  intervals,  which  receives  the  water,  and  where  it  is  soon  ab- 
sorbed by  the  spongy  earth.  In  the  lower  part  of  these  sides  he 
has  likewise  opened  a  number  of  cavities  equally  proper  to  furnish 
alum. 

Tlie  same  principle  appears  to  have  guided  the  Abb^  in  his  at* 
tempts  to  increase  the  quantity  produced  of  sal-ammoniac,  by  making 
use  of  long  and  capacious  tubes  of  earth,  open  at  both  extremities, 
and  baked  in  the  furnace.    These  receive,  at  thehr  lower  ends,  the  va- 
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pours  aboonding  with  this  salt,  which  attaches  itself  to  their  inntr 
sides,  and  forms  there  a  crust,  that  in  titfte  increases  to  a  consider- 
able thickness.  1  have  seen  with  pleasure  at  Naples  the  effects  of 
these  two  methods ;  and  it  is  expected  they  will  be  still  more  pro- 
ductive, when  some  alterations  suggested  by  persons  well  acquainted 
with  this  busmess  have  been  made* 

Formerly  sulphur  was  extracted  from  the  crater  of  this  volcano ; 
but  the  small  quantity  of  it,  and  the  low  price  of  the  commodity, 

have  caused  this  labour  to  be  abandoned. 

[SpalamuutL] 


END  OF  VOL.  I. 
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